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SIALYL LEWIS X and SIALYL LEWIS A GLYCOMIMETICS 

I. Field of the Invention 

The present invention relates to glycomimetic compounds which can mimic the binding 
activity of carbohydrates such as sialyl Lewis X (sLe x ) and sialyl Lewis A (sLe a ). These 
5 glycomimetic compounds inhibit or antagonize selectin ligand interactions, and can be used to 
treat selectin-mediated disorders, such as inflammation. 

II. Background of the Invention 
A large body of data has been accumulated that establishes the importance of a family of 

receptors, the selectins (LEC-CAMs) in certain diseases including cancer, auto-immunity, and in 
the inflammatory response. There are presently three known members of this family, L-Selectin 
(LECAM-1, LAM-1, gp90MEL), E-Selectin (LECAM-2, ELAM-1) and P-Selectin (LECAM-3, 
GMP-140, PADGEM). The physical, molecular, biochemical, and physiological characteristics 
of this family of receptors are well known in the art "Selectin Family of Adhesion Molecules" 
by Michael Forrest and James C. Paulson in Physiology and Pathophysiology of Leukocyte 
Adhesion, Ed. by D. Niel Grangier and Deert Schmid-Schonbein, Oxford University Press, N.Y., 
N.Y. (1995). The three known members of this family each contain a domain with homology to 
the calcium-dependent lectins (C-Iectins), an EGF-like domain, and several complement binding 
protein-like domains (Bevilacqua et al., Science (1989) 243:1160-1165; Johnston et al., Cell 
(1989) 56:1033-1044; Lasky et al., Cell (1989) 56:1045-1055; Tedder et aL, J. Exp. Med. (1989) 
170:123-133). 

In particular, PCT application Publ. No. WO97/30984 and references disclosed therein 
describe the sequence of the known members of the selectin family of receptors and the 
homology of these receptors to other known proteins, as well as the role of selectins in 
inflammation, site-specific lymphocyte extravasation, lung injury, and thrombosis. It is also 
disclosed in those references that E-selectin is transiently expressed on endothelial cells in 
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response * IL-1 and Tumor Necrosis Factor (TNF), suggesting . role for ^ m ^ 

untial neutropMl-extiavasation response to infection and injury. Funnermore, bIocking ^ E 
se.ec.in receptor with specific antibodies prevents the influx of neutrophils in a primate mode, of 
asthma preventing airway obstruction resulting from the inflammatory response. 

5 Several different groups have published papers regarding E-selectin ligands. Lowe e, 

(1990) demonstrated a positive correlation between E . se lec,i„ dependent adhesion of HL-60 cell 
variants and trarcfected ceil lines, with their expression of the sialyl Lewis x (sLe x, 
ohgosaceharide, NeuNAc. 2 -3.Ga.-.-4(Fuc-I-3)- OI cNAc. By transfecing cel,s with pl asmids 
confining a ^.transferase, they were able to convert non-myeloid COS or CHO lines into 
■0 sLe*-posi.ive cells ma, bind in „ E-seiectin dependent master. Walz e, aL, (,990) were able to 
■nhtbi, me binding of an E-selecin-lgG chimera u, HL-60 cells with a monoclonal antibody 
directed against sLe* or by glycoproteins win, the sLe* structure, bu, could no, demonstrate 
inhibition with CD65 or CD15 antibodies. Bo,h groups concluded ,ha, me sLe* structure is the 
Iigand for E-selectin. 

'5 Information regarding me DNA sequences encoding endothelial cdWeokoey adhesion 

molecules are disclosed in PCT published application WO90/.3300, which is incorporated 
herem by reference. The PCT publication cites numerous articles ma, may be related ,o 
endothelia. cell-leukocyte adhesion molecules. The PCT publication also disdoses methods of 
.dentifying E-selectin ligands, as wel, as memods of inhibiting adhesion between leukocyKs and 
endothelial cells using such Hgands. Recen, publications regarding selectin ligands describe the 
use of L-sdectin as an htdicator of neutrophil activation (Butcher „ a,., U.S. Patent 5,316 9!3 
issued May 31, 1994), and assays for inhibition of leukocyte adhesion (Rosen e, U.S. Paten, 
5,318,890 issued June 7, 1994). 

The minima. Iiga „ d f or E ^ ltaill „ ^-^^^ ^ rf ^ ^ 
fucose, ^ N-acety, Uctosamine . Lactosamine ^ ^ ^ 
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deoxyglucose. Sialic acid and fucose are bound to the galactose and glucosamine moieties of 
lactosamine, respectively. P and L selectins also bind to sLe* and ligands that share similar 
structural features. Considering the obvious pathophysiological importance of selectin ligands. 
significant effort has been, and continues to be, expended to identify the critical 
5 physical/chemical parameters associated with selectin ligands that enhance, or that are required 
for their selectin binding activity (DeFrees, S.A., et ai, J. Am. Chem. Soc, (1993) 1 15:7549). I„ 
no small part this effort is being driven by the need to have selectin ligands that are inexpensive 
to produce (see U.S. Patent 5,296,594 issued March 22, 1994; Allanson, N.M. */ ai, Tetrahedron 
Lett., (1993) 34:3945; Musser, J.H. et al., Current Pharmaceutical Design (1995) 221-232). It is 
10 generally thought that it will be prohibitively expensive to commercially produce naturally 
occurring sLe* or related oligosaccharides by either enzymatic or chemical synthesis because of 
the number of sophisticated reactions involved. 

It is known that for an acute inflammatory response to occur, circulating leukocytes must 
bind to and penetrate the vascular wall and access the site of injury. The selectin family of 
15 adhesion molecules participates in acute inflammation in one mechanism by initiating neutrophil 
rolling on activated endothelial cells. This is particularly evident in studies of ischemia 
-perfusion injury, where P-selectin appears to be important in neutrophil recruitment to 
damaged tissue. The presence of L-selectin and E- or P-selectin ligands on mononuclear cells 
has implicated these receptor-Iigand interactions in chronic inflammation. This has been 
20 supported by the finding of chronic expression of E-selectin in dermatological conditions, and P- 
selectin expression on joint synovial endothelium derived from rheumatoid arthritis patients. L. 
Lasky Annu. Rev. Biochem. 64:113-39 (1995); "Selectin Family of Adhesion Molecules" by 
Michael Forrest and James C. Paulson in Physiology and Pathophysiology of Leukocyte 
Adhesion, Ed. by D. Kiel Grangier and Deert Schmid-Schonbein, Oxford University Press, N. Y., 
25 N.Y. (1995). Thus, one mechanism whereby anti-inflammatory drugs could exert their effeci 
would be to interfere with leukocyte binding to, and penetration through the vascular wall. 
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sLe« and sLe- epitopes are found on the surface of no,™! human tissues> such ^ 
neutrophil and eosinophil (Antagonism of Human Neutrophi, (NEU) and Eosinophi, (EOS) 
Adhes.„» by Glycomimetics and Oligosaccharide Co mp ound, M. K. Ki m , B. K . Brandley M 
B. Anderson and B. S. Bochner,^. J. ofResp . CM ^ Mol . Biol , (subn]ined ^ ^ 

■ .denied on some cancer ce„s (Furuxawa, Y, Tara, M, Ohmori, K, * Kannagi, R Varian, 
W e of sia,y, Lewis x amigen expressed on adu,, T-ceil leukemia ceHs is associated with sxin 
■nvoivement. C«„cer ,994, 6533-6538. Liepxains, V . A, Eboue, D, Beringer T- 

Sabn, A, tcard-LiepWns, C. Repression of me Lewis fUcosy, transferase by retinoic 'J 
•ncreases apica, siaiosy, Uwis-a secre,ion in Corecra, carcinoma cultures. Journal ofCelluhr 
,995, 2 o 2 . 304 . Furukawa , Y . ; Tara _ M ; 0tao . ^ & ^ r vaijant 

of s,a,y, Lewis x an,i g en expressed on adu„ T-ce„ ,euxemia ce„s is associated with s k i„ 
mvo.vemen, Cancer Researcll 1994 , ^ ^ ^ ^ ^ 

Mousa, S. A.; Cheresh, D. A. ^ , ^ 

■*>, ««,. 3 2 5,3 287) „ hi c h are import for me ^ „ ^ * 

vascuuture with subs^uen, diapedesis into the surrounding tissues as a resuh of disease or 

tissue injury. 

It is behoved , ha , the S uitab,e gametic stmctures „ ^ ^^.^ 
adi-eston, and therefore mod„,ate the inflammatory response. Various sLe- derived structures as 
we„ as structura, gametics (Carbohydrate Based Twenties. John „. Musser Peter 
FUgedi and Ma* Brian Anderson, see Bur gers Medicinal Chemls ^ 

Emetics as Se.ec.in mhibitors. Musser, , „, Person, M. B, Levy, D. E, C m 
"-~~*> 1995. 22,-^3. cycomimetics: An Approach to Discovering Leads 

tor Novel Therapeutics. J.H. Musser, M B Anders p ^ », 

. ' P - Fugedi. Pharmaceutical News, 1 996, 

3(5), 11-17) have been shown to interfere, in vivo , ^ se ,ectin- m ediated adhesion. 
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III. Summary 

The present invention provides a series of compounds in the form of chemically and 
physiologically stable glycomimics or glycoepitopes that serve to functionally mimic the active 
features of biologically important oligosaccharides, such as but not limited to sialyl Lewis* (sLe*) 
5 and sialyl Lewis' (sLe>). These glycomimetics can be synthesized by coupling two or more 
components possessing the critical fucose and carboxylate functional groups, or derivatives 
thereof, using N-alkylations, N-acylations, sulfonylations and related reactions. These structural 
glycomimetics have been shown to inhibit selectin-ligand interactions and to be useful in the 
treatment of acute and chronic inflammation diseases, including asthma. These compounds also 
10 are useful in the treatment of other selectin-mediated disorders, such as cancer, diabetes, obesity, 
lung vasculitis, cardiac injury, reperfusion injuries, thrombosis, tissue rejection, arthritis! 
inflammatory bowel disease and pulmonary inflammation. These glycomimetics are designed to 
control or modulate various intercellular actions such as the interactions between cells and the 
endothelium in cell adhesion and between cells and the interstitial tissues, which interactions 
1 5 initiate or control recognition, differentiation, growth, fertilization, cancer migration, etc. 

In a first aspect, the invention relates to the field of medicinal chemistry wherein the 
inventive compounds contain a glycoside or glycomimetic which is linked, either directly or 
indirectly, to a desired amine containing organic molecule via a carbon linkage. In particular, the 
present invention relates to the field of amine heterocycle chemistry and is directed to tools and 
20 methods for the generation of chemical compounds consisting of at least one carbohydrate unit or 
carbohydrate mimetic unit and an amine heterocycle or amine containing core or scaffold. 
Formulations containing such compounds may be used to treat patients suffering from a variety 
of selectin-mediated disorders. 

The synthesis of complex carbohydrates is time consuming and costly compared to the 
25 synthesis of glycomimetics. In addition, the synthesis of complex oligosaccharides introduces 
additional chiral centers, anomeric configurations, and increased molecular size without 
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safeguards .o enzymatic cieavage of oxygen-linked glycosides. The present invention avoids Md 
overcomes the obstacles inherent in complex oligosaccharides by uti.izing glycomimetics or 
more specifically, structural glycomimetics. 

IV. Brief Description of Figures 

Figure 1 depicts a three-dimensional structure of sLe* and relates this structure to 
important aspects for the design of the present compounds. 

Figure 2 depicts synthesis strategies for designing the invention compounds. 
Figure 3 depicts a synthetic strategy for a pyridine C-glycoside that mimics s-di-Le* 
Figure 4 depicts a set of piperdine based carbon glycoside 



les. 



10 



Figure 5 depicts a non-exclusive set of carbohydrate and non-carbohydrate glycomimetics 
that can be utilized in the O position of structural formula I. 

Figures 6, 7 and 8 depict a se, of N-allyLC-g.ycosy, piperdine based g.ycomi ra etics and 
denvates thereof prepared according to the present invention. 

Figure 9 depicts a set of suUated N-allyl-C-glycosyl piperdine compounds according to 

the present invention. 



Figure 10 depicts a set of non-carbohydrate glycomimetics of the 



present invention. 



Figure depict a se. of «,re modules that can be used as intermediates in Ac 
preparation of compounds disclosed herein or in the treatment of seleotin-mediated disorders. 



Figure 12 and 13 depict a set of sialic acid derivaties of the 



present invention. 
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Detailed Description 

Unless defined otherwise herein, all technical and scientific terms used in this 
specification have the same meaning as commonly understood by one of ordinary skill in the art 
to which this invention belongs. Although any methods and materials similar or equivalent to 
5 those described herein can be used in the practice or testing of the present invention, the 
preferred methods and materials are described herein. All terms used herein are defined 
according to the definitions provided in PCT Publication No. WO97/30984. 

All publications, either scientific or patents, mentioned herein are incorporated by 
reference in this patent application in their entirety. 

1 0 Invention Compounds 

One aspect of the present invention is to provide methods for preparing modified amine 
heterocycles and related structures comprising (l)piperdine and derivatives thereof or open 
chain amines and (2) a carbohydrate or carbohydrate mimetic moiety, wherein each compound is 
composed of a modified carbohydrate or other non-carbohydrate-based structural unit. Suitable 
functional groups useful in the preparation of such compounds include, but are not limited to, 
hydroxyl, carboxyl, thiol, amido, and amino groups. The non-carbohydrate units may consist of 
structures which possess an amine functionality for coupling to the fucose mimic and an ionic 
group capable of binding to basic residues in the selectins. 



15 



20 



Another aspect of the invention is to provide an array of novel amine heterocycles and 
related compounds comprising, piperidine and derivatives thereof or open chain amine 
containing chemical compounds comprising at least one carbohydrate or carbohydrate mimetic 
unit, including for example a carbon glycoside/heteroatom glycoside, linked to a suitable 
derivatized functional group or a non-carbohydrate structural unit denoted below. The subject 
invention provides novel chemical compounds comprising a core structure selected from the 
25 following formulas: 
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X A/— VM-fi, 




/A 



■W-G, 



2£ 



wherein: 



W is a covaiem bond. -C(-O)-, -CCO-CH,-, <,<, K H,.CH,, -C(-0).CH-CH 
-C(-O) -CH^NHAC-Ca-, -C^h.choh., -C(=OK:„ ( . N H-c ( =0,-0- t -Bu,-CH - 
-C(-S)-, -C(-S,-S-, -C^S-CH,, -C(.S WHi -, -C(= S ).NH, -CH^-O-, -chJ 
10 CHCCH^H^-CH^CHCC^OH^-or-Ca-C^HO-CH,-; 

X is -CRV, -NR.., -CRV, -NR\ CH-S-siaiic acid, CH-O-sialic acid, -O- or -S-; 
Y is a covalent bond, -(CH 2 \ -, -CH, -NH -C(>0). or -NH- C(=0) .; 

*' * ' * ' R> - R '- * - *' - i»dcpend e „, ly seieced fron, *. groop cons is , tog 
of -a -OH CCS afcyl, -(CR^-CR',, -(CHJ.-CO.M, <C H d „ -CH=CH.CO,M, 

'5 -(CH,,. -OSO, M, -(CH,)„ -OFC,M„ -(CH 1 )„.CR'0R".CO ! M, -(CHJ. -CR"R"OSO,M, 

-(CH 2 ) m -CR ,0 R"-SO 3 M and -(CH,) -CR 10 R" npn iv* i_ 

^ C ^ ^ R R -° P °3H with the proviso that at least one of R' 

K . R , R and R*, or at least one of R 6 , R 7 , R» ^ r» is not _ H Qr ^ 
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R 10 and R" are independently selected from the group consisting of-H, -(CH^ -CH 3 , 

-CH, - Ar and -CH 2 - cyclohexane or R'° and R" may be taken together with the carbon atom to 
which they are covalently bound to form a five or six member ring, wherein the ring may be 
saturated or unsaturated and the ring may be substituted with one or more R' substituents; 

5 ^ wherein R' and R', or R» and R\ or R' and R\ or R< and R', or R< and R', or R' and R«, or 
R 8 and R> independently may be taken together with the carbon atoms to which they are 
covalently bound to form a five or six member ring, with the proviso that only one ring structure 
is formed in the compound, wherein the ring may be saturated or unsaturated and the ring may be 
further substituted with one or more R 1 substitutes; 



10 



M is H, Na*, K* , Me or Et; 

m is 0-7; 

n is 1, 2 or 3; 
Gis Z 1 orZ 2 ; 
Z 1 has the formula: 



15 
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R 12 

branched); 



is H, -CH 3 , -(CH 2 ) ra -CH 3 , protecting group, -S0 3 M, or O-carbohydrate (linear 



or 



s is 1,2, or 3; 



Protecting group is methyl-, benzyl-, MOM, MEM, MPM, or tBDMS; 

U is H, CH 3 , OH, CH 2 OR' 2 , CH 2 0-protecting group, CH,OS0 3 M, CH,S0 3 M 
CH 2 OR'-,orCOD: 



10 



A isO, S,CH 2 orNR' 2 ; 
D isOR ,2 ,NR ,2 2 ,orOM; 

wherein the ring structure of Z' is either saturated or unsaturated; and 
Z 2 has the formula: 
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wherein R' 3 , R« R", R - ^ R" are independently selected from the group consisting of 
H, -OM, -(CH 2 ) ro -C0 2 M, OAc and F, with the proviso that at least two of R'\ R'\ R' 5 , R 16 ^ 
R 17 are not H. 

Preferred compounds include compounds wherein X is -CR 3 2 -, W is -(CH,) ra -C(=CH 2 ) 
5 -CH 2 - and G is Z 1 . More, preferably, R 3 may be -(CH 2 ) m C0 2 M, or R 3 may be selected from the 
group consisting of -<CH 2 ) m -CR'»R"C0 2 M, -(CH 2 ) m -CR'°R"-OS0 3 M, -(CH,),,, -CR'V'-S0 3 M 
and -(CH^ -CR"R"-OP0 3 M; or R 3 may be -C0 2 M, with the proviso that at least one of R', R>. 
R 4 or R 5 is -OH. 

Also preferred are compounds in which R 1 or R 2 is -(CH 2 ) ni -C0 2 M. 
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Other preferred compounds include those compounds in which X is -CR 3 2 - or -NR 3 -, R 1 
is -(CH 2 ) m -C0 2 M, and R 3 and R 4 taken together with the carbon atoms to which they are 
convalently bound form a five or six member unsaturated ring and G is Z'. More particularly, 
W may be -C(=0)- or -(CH 2 )„ -C(=0)-. 

Also preferred are compounds in which X is S and R 9 is -(CH^-COjM, and G is Z'. 
1 5 More particularly, W may be -C(=0) or -(CHJ n -C(=0>. 

Also preferred are compounds in which X is -CR 3 2 -, R 3 is -(CH 2 ) ra -C0 2 M, and G is Z'. 
More particularly, W may be -C(=S)-S-, -C(=S)-S- C CH 2 ) m -, -C(=S)- or -C(=S)-NH-; or W may 
be -C(=0) - or -C^OHCHJ, -. 

Also preferred are compounds in which X is -CR 3 r , R 3 is -(CH^O.M, and G is Z\ 
20 More particularly, W may be -C(=0)- and R» and R" are independently selected from the group 
consisting of -OH and -OMe. In addition, R" may also be -OH or -OMe. 

Also preferred are compounds in which Y is -(CHJu- and G is Z". More particularly, at 
least two of R 14 , R' s and R 16 are -OH or -OMe. 
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The compounds of above formula may be in different isomeric forms and such are 
encompassed by this disclosure. In particular, a carbon glycoside moiety may be in either the 
alpha or beta configuration and the linkage by which any sugar is attached to the core structure 
may be either axial or equatorial. However, here and throughout the different stereo 
configurations are not shown but are understood to be encompassed by this disclosure. 

Use and Administration 

The glyomimetics of the invention can be administered to a subject in need thereof to 
treat the subject by either prophylactically preventing selectin-mediated disorders or correcting a 
disorder after the disorder has begun. The compounds are preferably administered with a 
pharmaceutical^ acceptable carrier, the nature of the carrier differing with the mode of 
administration, for example, oral administration, usually using a solid carrier and I.V. 
administration of a liquid salt solution carrier. The formulation of choice can be accomplished 
using a variety of excipients including, for example, pharmaceutical grades of mannitol, lactose, 
starch, magnesium stearate, sodium saccharin cellulose, magnesium carbonate, and the like. Oral 
compositions may be taken in the form of solutions, suspensions, tablets, pills, capsules, 
sustained release formulations, or powders. The subject compounds can be administered directly 
in transdermal formulations with permeation enhancers such as DMSO. Other topical 
formulations can be administered to treat dermal inflammation. 

In a preferred aspect, a sufficient amount of the desired glycomimetic is administered in 
an amount that binds to a substantial portion of one or more of the selectins so that inflammation 
can either be prevented or ameliorated. Thus, "treating" as used herein shall mean preventing or 
ameliorating inflammation and/or symptoms associated with inflammation. Typically, the 
compositions of the instant invention will contain from less than 1% to about 95% of the active 
ingredient, preferably about 10» to about 50'/o. Preferably, between about 10 mg and 50 m g 
will be administered to a child and between about 50 mg and 1000 mg will be administered to an 
adult. The frequency of administration will be determined by the care given based on patient 
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responsiveness. Other effective dosages can be readily determined by one of ordinary skill in the 
art through routine trials establishing dose response curves. 

In determining the dose of compounds to be administered, it must be kept in mind that 
one may not wish to completely block all of the receptors. In order for a normal healing process 
to proceed, at least some of the white blood cells or neutrophils must be brought into the tissue in 
the areas where the wound, infection or disease state is occurring. The amount of the compounds 
administered as blocking agents must be adjusted carefully based on the particular needs of the 
patient while taking into consideration a variety of factors such as the type of disease that is 
being treated. 

It is believed that the compounds or blocking agents of the present invention can be used 
to treat a wide range of diseases, including diseases such as rheumatoid arthritis and multiple 
sclerosis. The compositions of the invention should be applicable to treat any disease state 
wherein the immune system turns against the body causing the white cells to accumulate in the 
tissues to the extent that they cause tissue damage, swelling, inflammation and/or pain. The 
inflammation of rheumatoid arthritis, for example, is created when large numbers of white blood 
cells quickly enter the joints in the area of disease and attack the surrounding tissues. 

Formulations of the present invention might also be administered to prevent the 
undesirable aftereffects of tissue damage resulting from heart attacks. When a heart attack 
occurs and the patient has been revived, such as by the application of anticoagulants or 
amithrombolytics (e.g., tPA), the endothelial lining where a clot formed has often suffered 
damage. When the antithrombotic has removed the clot, the damaged tissue beneath the clot and 
other damaged tissue in the endothelial lining which has been deprived of oxygen, become 
activated. The activated endothelial cells then synthesize the ELAM-1 receptors within hours of 
the cells being damaged. Large numbers of white blood cells are quickly captured and brought 
into the tissue surrounding the area of activated endothelial cells, resulting in inflammation, 
swelling and necrosis which thereby decreases the likelihood of survival of the patient. 
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In addition to treating patients suffering fiom the trauma resulting from hear, anack 
panents suffering fen, ac.ua! physical trauma couid be seated with formulations of the invention' 
» order to relieve the amount of inflammation and swelling which normal.y result after an area 
of tie body is subjected to severe trauma. Other disease states which might be treatable using 
formulations of the invention include various types of artitritis and aduh respiratory distress 
syndrome. After reading the present discing those skiUed in the a« wiU recognize other 
dtsease sfctes and/or symptoms which might be treated and/or mitigated by the administration of 
formulations of the present invention. 

Other modes of administration will also And use with the subject invention. Forinstitnce 

glycomimetics of the preset invention can be formuiated in suppositories and, i„ some cases' 

aerosol and mtranasal compositions. For suppositories, the vehicle composition win inc , ude ' 
•radttiona, binders a „ d ^ ^ ^ ^ ^ ^ 

suppositories may be formed from mixtures containing the active ingredient in the range of about 
0.5% to about 1 0% (w/w), preferably about 1 % to about 2%. 



Intranasal formulations will usually include vehicles mat neither cause irritation to me 
nasa, mucosa nor sigmficanuy disturb ciliary function. Diluents such as water, aoueous saline or 
outer known subsumes can be employed with the subject invention. The nasal formulations 
■nay also contain p^rvatives such as, bu, „„, .United to, ch,orobutano. and benzalkonium 
chior.de. A surfactant may be present to enhance absorptton of the subject proteins by the nasa, 
20 mucosa. 

-The compounds of the instant invention may also be administered as injectable, 
TyptcaUy, inject compositions are prepared as liuuid solutions or suspensions; solid forms 
-table for solution in, or suspension in, , iq „id vehides prior to injection may also be prepared 
TV preparation may also be emulsified or me active ingredient encapsuUted in liposome 
•S vehtcles. The invention compounds can be mixed with compatible, pharmaceutical^ acceptable 
excipients. H 
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Suitable vehicles are, for example, water, saline, dextrose, glycerol, ethanol, or the like, 
and combinations thereof. In addition, if desired, the vehicle may contain minor amounts of 
auxiliary substances such as wetting or emulsifying agents or pH buffering agents. Actual 
methods of preparing such dosage forms are known, or will be apparent, to those skilled in the 
5 art. See, e.g., Remington's Pharmaceutical Sciences, Mack Publishing Company. Easton. 
Pennsylvania, 17th edition, 1985. The composition or formulation to be administered will, in 
any event, contain a quantity of the invention compounds adequate to achieve the desired state in 
the subject being treated. 

The various compounds of the present invention can be used by themselves or in 
1 0 combination with pharmaceutically acceptable excipient materials as described above. However, 
the compounds of the invention can be made as conjugates wherein the compounds of the present 
invention are linked in some manner to a label. By forming such conjugates, the compounds of 
the present invention can act as biochemical delivery systems for the label so that a site of 
inflammation can be detected. 
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The molecules of the present invention could also be used as laboratory probes to test for 
the presence of a selectin receptor in a sample. Such probes are preferably labeled such as with a 
radioactive, fluorescent or enzyme activated label. 

In addition, various "linker" groups can be attached to the compounds of the invention, 
and the linker groups can be used to attach various additional compounds such as 
pharmaceutically acceptable drugs. By using the linker, various conjugates are formed which 
may provide effective drug delivery systems for the drug which is linked to the compound of the 
invention. It is especially preferred to attach a drug with anti-inflammatory characteristics to the 
present compounds, so that the linked compound binds to one or more selectins which are 
associated with inflammation. Accordingly, non-steroidal anti-inflammatory drugs (NSAIDs) 
such as naproxen or ibuprofen which act as anti-inflammatory agents could be administered 
bound to the present compounds and could be administered systemically in smaller amounts than 
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«. w h ,,c o bBinfag an ^ effect or _ ^ ^ 

«* » ,„ „ 0tner dnlgs which migh( bs anached * - 

: -, ics ,„ t0Kandanalgesics SU c hadrugd ^ systt _ u i;:^: ir: 

- — »e noraal dose ^ ^ fc _ ^ - - ~ 

inflammation, without adverse side ™ , Slte of 

«-*«, w Wch ^ ta b ^ *" ^ >- p-y— . 

cyclo d exm„s,hepa™or ltsdrtvatives , peptjdK ^ lymerjcbeads ^ 

P siuons, methods or processes described as such mav rt f,« 

c;z: :;;r bins p — — - - - - — - * c 

scope of *. p,^, mvemion „ ^ ^ ^ ^ ^ 

General Protocols 

Synthetic Strategy 

The subject invention provides fnr th» ~ 

provides tor the generation and identification of novel mn i , 
species which mav act *c * * 1 molec ular 

^arge distance-coordination relationship that can be used 
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to mimic complex oligosaccharides or can be used as an initial starting point for mapping the 
lectin binding domains by the construction of libraries of structural glycomimetics. In these 
libraries, one can use a carboxylic acid, a sulfate, a phosphate or an equivalent moiety to mimic 
the charged portion of the oligosaccharide and L-focose, other carbohydrates, or functional 
carbohydrate mimics, to provide the remaining structural units to either coordinate to calcium in 
the binding pocket, to functionally mimic the binding properties of L-fucose or to supply 
additional structural features contributing to the inhibition of cellular adhesion. 

The methods described herein provide reacting glycosides or glycomimetics with amine 
or amide based structures, such as amine heterocycles / iso-nipecotates, open-chain amine 
structures, etc., to yield the invention compounds. The plurality of different amine based 
compounds may be synthesized either in liquid phase or, alternately, linked to a solid synthesis 
support or in a mixture of both. After synthesis, the amine based compounds may be cleaved 
from the synthesis support (also see W096/36627 or PCT/US96/06522). The compounds 
generated by the methods of the present invention may comprise an array of molecules with a 
diverse amine based structure, a diverse carbohydrate moiety or both. 

Suitable functional groups include, but are not limited to, hydroxyl, carboxyl, thiol, 
amido, and amino groups. In the case a moiety has more than one such suitable functional group! 
one or more such functional groups may be protected by suitable protecting groups during the 
coupling reaction. Preferred protecting groups include, but are not limited to, benzyl or acetyl 
groups. After the coupling reaction, the protecting groups may selectively be removed. 

Throughout this discussion, a standard numbering scheme for the amine based structures, 
will be referred to as described in the Merck Index for nipecotic acid (3-pi P eridinecarboxylic , 
acid). See Merek Jl 6478 ©1989: 
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A large nur^, „f ar^e _ ^ may ^ _ ^ ^ 

fo..o„,„ g synthaic stattgies to yid<f sU , ^ g|ycomjmedcs ^ m 

prepared un d er ^ organic methodologjcs ,„ ^ fe som£ ^ ^ 
pynd^pe ^ reduKd tQ . ^ heterocyde ^ ^ ^ • 

<~, gr oup *.. h perfonned by a|kylaaon acylatjon or ^ sui(abie 
group, f or example C1S0!Q> whaein GreprcsCTB a gMwii g|ycosjde _ 

^cnoeo ear„er. Preferred Mine Wd ^ „ ^ haye ^ ^ 

~» — - * . ^ bas ed h e,eroe ycl e. More .referred are ^ 
- have „ ^ nydroxyl „ ^ ^ ^ ^ ^ _ _ ^ 

adds situated around a core structure. 

m of cenain of fce invent compounds require ^ ^ 

P— of an amine ^ ^ ^ rf ^ ^ ^ ^ ^ 

■5 — aoo„, «. ™ e _ be ^ ^ fc ^ ^ ^ ^ ^ ^ 
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Other Synthetic Aspects 

-T*. s^thesU of ^ compolmds conainjng 

a^J for conjugates _ by ^ 

^ *e car^ lycosylati<m procedure give „ ^ discjosure _ 
— *. or ou^narMe, or combimA ^ A 
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utilized as a linking group between a pyran ring and the spacer attached to the amine based 
structures, by a selective protection methodology involving use of a 2T-benzyIidene derivative 
in which selective rearrangement and/or functionalization and/or glycosidation can be 
accomplished prior to deprotection. Thus, the various derivatives are converted to potentially 

5 more useful compounds. 

International Application No. W096/36627 describes a set of general protocols that may 
be used to synthesize the disclosed compounds. The reader is referred to these general protocols 
which are incorporated "herein by reference. 

Synthesis of Carbon Glycoside Compounds 
10 A vast array of methods for carbon-carbon bond formation at the anomeric carbon of a 

glycoside are known in the art, which also can be applied to the formation of other heteroatom 
glycosides, such as carbon-phosphorous, carbon-sulfur, carbon-nitrogen, or carbon-silicon bonds 
at the anomeric position. The typical procedure to make carbon - carbon bonds at the anomeric 
carbon involves nucleophilic attack on the electrophilic center. A wide variety of electrophilic 
15 sugars have been employed, such as reducing sugars (or lactols), alkyl glycosides, anomeric 
esters, anomeric trichloroacetimidates, and glycosyl halides. The carbon nucleophiles that have 
been used include silyl enol ethers, olefins, allyl-, propargylsilanes, cyanides, hcmoenolates, and 
organometallics such as Grignard reagents, organolithiums, cuprates, and aluminates. These 
reactions can be used to modify the anomeric position. Protecting groups used when modifying 
20 the anomeric position of carbohydrates will be apparent to the skilled artisan. In addition, a 
plurality of functional groups may be employed. The C-atom of the carbohydrate used for the 
formation of the carbon glycosidic bond can be modified by differential protection of functional 
groups, as will be apparent to those skilled in the art. Techniques and methods for the protection 
of functional groups can be found, among other places, in Greene and Wutz, supra. 



19 



BNSDOC1D: <WO 9929705A2_I_> 



15 



20 



25 



WO 99/29705 

PCT/US98/2S783 

An array cf diffim reaction type, have been employed for the generation of carbon 
glycosides (see e.g., Postema, 1992, T^n^ 4*8545; Posteml , 

1995, CRC Press, Ann Arbor, Michigan). F„ r example , ^ ^ ^ 

s.gma.rop,c rearrangement cycloaddiuons a^ u,e Diels-Alder Reaction, can be used for the 
■ formal of carbon ^ ^ ^ ^ ^ ^ ^ 

carbon glycoside syndesis, which can be pursued by reaction of hemiacetals Mowed by ring 
closure, reaction of sugar ■ac.ones, or reacion of anomeric phosphoranes. Orher approaches for 
the synthesis of carbon glycosides encompass, among others, paUadium mediated .actions fiee 
md.ca. reactions, and reactions relying on the eiectrophilic activity of the anomeric center of 
sugar mo,ecu,es. These methods are readily known by me skilled artisan and are discussed a, 
.ength in WO 97/30984, which disclosure has been incorporated herein by reference. 
Multivalent Forms of Amine Based Structures 

The affinity of me compounds of the invention for a receptor can be enhanced by 
provding multiple copies of the invention compounds in Cose proximity, preferably using a 
scaffoiding provided by a carrier moiety. „ has been shown that provision of such a muitiple 
valence with optimal spacing between the moieties d^matically improves binding ,„ a receptor 
(See, for example, Lee, Y. C. et al., Bjochen, 22:4255 (1984)). 

The mul.iva.ency and spacing can be controlled by selection of a suitable carrier moiety 
Such moieties include but are no. hmited to molecular support which contain a multiphcity of 
Actional groups tita, can be reacted wi,h nmctiona, groups associated with me compounds of 
*c mvention. A particularly preferred approach involves coupling „f me compounds of the 
mvention to amino groups of the carrier through reductive amination. Reductive amination is a 
P-cufcrly convenient way to coup,e a,dehyde moieties ,„ free amino groups by firs, forming a 
Schtrf base and men treating the conjugate with a reducing agent, such as a hydride reducing 
-gen, Typical,,, the amino group-bearing carrier is-mixed with the carbohydrate moiety a, 
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about pH 9 and allowed to form the Schiff base; the solvents are typically evaporated and a 
reducing agent is added at high pH to complete the reaction 

Particularly convenient carrier moieties to obtain multivalent forms of the invention 
compounds include aromatic linkers, aliphatic chains, amines (e.g. N(CH2CH2NH2)3), proteins 
and peptides, particularly those containing lysyl residues which have w-amino groups available 
for binding. These linking units serve to present symmetrical and unsymmetrical monomer units 
at a specified distance to change the binding affinity of the construct. It is also useful to include 
in the peptide or protein at least one tyrosine residue, as this offers a convenient site for labeling, 
for example with radioactive iodine. A particularly convenient carrier to obtain a trivalent couple 
is the peptide Lys-Tyr-Lys. Complete reaction of the compounds of the invention with the free 
amino groups on this peptide result in a trivalent moiety. Thus, for example, compounds of the 
invention of the general formula (2) may be used to make multivalent constructs: 
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HO 




-CO2H 



OH "OH 



OH 
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Formula 2 

Of course, a variety of carriers can be used, including proteins such as BSA or HSA, a 
multiplicity of peptides including, for example, pentapeptides, decapeptides, pentadecapeptides, 
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and the m, Preferabiy, „. peptjdes „ pro , eins ^ fc dK . red ^ ^ ^ ^ 
revues having free mino ^ in ^ ^ ^ ^ ^ ■ 

*. steroid o r carbohydrate compounds of ^ ^ ^ ^ oxMized m conain • 
> groups or utiiize the carboxy, ^ which ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 

b.o,.„ tether may ^ atached wi(h subseqKn( compiexatjon ^ ^ ^ ^ 
Tie structure of the inventive compound may ta in ^ ^ 

- J— * this disclosurc . ta pmiculari ^ glycosMe ^ ^ ^ ^ ejther 

- alpha or beta configuration and the Unxage hy which any sugar is arched may he either axial 

"J" ~ — - *— - ^ as protectin g ^ for ^ 

hydroxy, groups .„ sugars a„ d di sp,av n e ig hho ring group panicipation „ 

™us, by judicious choice of pro,ec,in g groups prior to the . , ette ; 

aceta.es o, benzoates, one can preferential se,=c, for cither the alph , or bet a. carbon linItt d 

(H. Paulsen, An ge„ £ h a!UHL ^ ^ (]982); ^ ^ 
Carbon llnk ed glides in Comprehensive Organic Synthesis", Ed. B.M. Trost, „33-o4) 
Thus, here and throughout the different «ereo co„f, ewations „ not ^ „,,, ^ " 
be encompassed by this disclosure and the appended claims. 

Carbohydrate and Non-Carbohydrate Glycomimetic Units 

that are^Z ' ^ ' n ° n ' e<ClUSiVe " - ™-carbohydra tt gametics 

provide the chelating site shown in Figure ,. The structures in Figure , can be 
utilized as the G Group in structural formula I TW „ 

urai lormiua 1. These compounds can be obtained from 

convenuonal sources. 

HI. Examples 
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The following examples are put forth so as to provide those of ordinary skill in the art 
with a complete disclosure and description of how to make the compounds and compositions of 
the invention and are not intended to limit the scope of what the inventors regard as their 
invention. Efforts have been made to ensure accuracy with respect to numbers that would be used 
(eg., amounts, temperature, etc.) but some experimental errors and deviations should be 
accounted for. Unless indicated otherwise, parts are parts by weight, molecular weight is weight 
average molecular weight, temperature is in degrees centigrade and pressure is at or near 
atmospheric. 

Certain materials and methods are described in the following representative patents and 
patent applications: "Derivatives of Triterpenoid Acids and Uses Thereof." (U.S. Patent No. 
5,568,880); "Lupane Triterpenoid Derivatives" (U.S. Patent No. 5,643,884); "Glycomimetic 
Combinatorial Libraries" (WQ96/36627); and "Sialyl Lewis* Mimetics Containing Phenyl 
Backbones" (WO97/30984). These and all other references cited herein are hereby incorporated 
fay reference in their entirety. 

The instant invention is shown and described herein in what is considered to be the most 
practical, and preferred embodiments. It is recognized, however, that departures may be made 
therefrom which are within the scope of the invention, and that obvious modifications will occur 
to one skilled in the art upon reading this disclosure. 

Materials 

Reagents were purchased from commercial suppliers such as Pfanstiehl Laboratories, 
Aldrich Chemical Company or Lancaster Synthesis Ltd. and were used without further 
purification unless otherwise indicated. Tetrahydrofuran (THF) and diethylamide (DMF) 
were purchased from Aldrich in sure seal bottles and used as received. All solvents were purified 
by using standard methods readily known to those skilled in the art unless otherwise indicated 
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Example 1 

Preparation of Key Synthetic Intermediates 

In order to prepare many of the invention compounds, an activated C-glvcoade 
compound can be a useful starting materia,. The synthesis of several such intermediates 
accord.ng to general schemes 1 and 2 (shown below) is therefore disclosed. 

Scheme 1; 



:Cr c c nr s,R3 yyt c ' 



OBn Catalytic TMSTf 6 Bn 

2 R = (3) Me or (4) OMe 5 



BnO D _ 

I BnO 



BnO 

OBn OBn 
10 



Scheme 2: 

-O. ^OAc 



i OAc R = (3)Me AcO" V^OAc 

OAc s 

OAc 

3:1 BF 3 OEt 2 to TMSTf 

12 

15 CH 3 CN Reflux 16 
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2-Chloromethyl-3-(tri-0-benzyI-alpha-L-C-fucopyranoside)- 1 -propene 

The following synthetic chemical intermediate compound was synthesized as described. 

CH 2 

BnO v z OBn 
OBn 

To a solution of tri-O-benzyl-L-fucopyranose (20.0 g, 46.03 mmole, 1.00 mmole equiv.) 
in anhydrous acetonitrile (200 mL) at 0°C was added 2-chloromethyl-3-trimeth y lsilyH -propene 
(30.0 g, 184.34 mmole, 4.00 mmole equiv.). Trimethylsilane trifluoromethane sulfonic acid 
(10.24 g, 46.03 mmol, 1.00 mmole equiv.) was' added dropwise in anhydrous acetonitrile (30 mL, 
overall reaction concentration 0.2M) and the reaction contents were stirred at 0<>C for 30 
minutes. After 30 minutes, the reaction was diluted with ethyl acetate (230 mL) and the reaction 
was terminated by pouring the contents slowly into aqueous saturated sodium bicarbonate. The 
heterogeneous layers were separated and the organic phase was washed twice with portions of 
water, 1.0M hydrochloric acid and brine. The crude product was dried over anhydrous sodium 
sulfate, filtered and plugged through a small pad of silica gel. The solvent was removed in vacuo 
which afforded an oil that was chromatographed on Baker grade flash silica gel (47-61mm) (ratio 
of 50 to 1) and eluted with 5 or 10% ethyl acetate in hexanes. Concentration in vacuo afforded 
20.01 g of 2-Chloromemyl-3-(tri-0-beiizyl-alpn a -L-C-fucopyranoside)-l-propene (85%). When 
using the 2-chloromethyI.3-trimethoxysilyl-l-propene reagent in place of the 2-chIoromethyl-3- 
trimethylsilyl-l-propene and the benzyl protected sugar!, some methyl glycoside was observed in 
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the benzyl case and 1.00 mmole equiv. of trimethylsilyltriflouromethane sulfonate was needed 
for better efficiency of the reaction. 

2,3,4-tri-O-benzyI-alpha-L-C-fucopyranoside allyl chloride reagent. 

An alternate procedure starting from the anomeric hydroxyl can be done as follows: To a 
5 solution of tri-O-benzyl-L-fucopyranose 1 (20.0 g, 46.03 mmole, 1.00 mmole equiv.) in 
anhydrous acetonitrile (200 mL) at 0<>C was added 2.chloromethyl-3-trimethyl s il yM .p ropene 
(30.0 g, 184.34 mmole, 4.00 mmole equiv.). Trimethylsilane trifluoromethane sulfonic acid 
(10.24 g, 46.03 mmol, 1.00 mmole equiv.) was added dropwise in anhydrous acetonitrile (30 mL, 
overall reaction concentration 0.2M) and the reaction contents were stirred at 0°C for 30 
10 minutes. After 30 minutes, the reaction was diluted with ethyl acetate (230 mL) and the reaction 
was terminated by pouring the contents slowly into aqueous saturated sodium bicarbonate. The 
heterogeneous layers were separated and the organic phase was washed twice with portions of 
water, 1.0M hydrochloric acid and brine. The crude product was dried over anhydrous sodium 
sulfate, filtered and plugged through a small pad of silica gel. The solvent was removed in vacuo 
15 which afforded an oil that was chromatographed on Baker grade flash silica gel (47-61mm) (ratio 
of 50 to 1) and eluted with 5 or ,0% ethyl acetate in hexanes. Concentration in vacuo afforded 
20.01 g of 2-ChloromethylO-(tri-0-benzyl-a-L-C-mcopyranoside)-l -proper (85%). MW=507 
[a]D: -27.37, C=0.95 in CHCI3. A second product, obtained as a result of these conditions, was 
the «-L-2,3,4-tri-0-ben2yl-^^ mp=47-490 C . 
20 1H-NMR (CDCI3) 5, 7.20-7.50 (m, 15H, aromatics), 5.2 (6, J=47.9 Hz, 2H, terminal vinyl), 
4.50-4.90 (complex multiple, 6H, benzylic), 4.25 (p, 1H, H-l), 4.10 (s, 2H, -CH 2 C1), 3.90 (m, 
1H), 3.75 (s, 1H), 2.50 (m, 2H), 1.25 (8, 3H). 13 C . N MR (CDCL3) 5 142.68 alkene (e), 138 62 
aromatic (e), 138.39 aromatic (e), 138.1 1 aromatic (e), 128.17 aromatic (o), 127.86 aromatic ( o) 
127.45 aromatic (o), 127.34 aromatic (o), 1 ,6.28 alkene (e), 76.58 (o), 75.95 (o), 73.24 (e) 72 97 
25 (eX 68.33 (o), 48.23 -CH 2 C1 (e), 30.30 allylic (e), 15.38 fucose methyl (o). Mass Spec. (LSIMS 
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with mNBA) 505.1/507.3. Analytical Calculated for C31H35CIO4: C, 73.43; H, 6.96. Found: C, 
73.16; H, 7.12. 

2-Iodomethy l-3-(2,3,4-tri-0-benzyl-a-L-C-fucopyranoside)- 1 -propene. 

To a stirred suspension of Nal (480 g, 3222 mmole, 5 mmole equiv.) in acetone (3 L) was 
5 added 2-Chloromethyl-3-(tri.O-benzyl-a-L-C-fucopyranoside)-l -propene (331 g, 653 mmole, 1 
mmole equiv.) and the reaction was heated to reflux for 3 hours and then allowed to cool to room 
temperature. The reaction was monitored by tic (product Rf slightly higher than starting 
material). The tic conditions used were 10% ethyl acetate in hexanes (v/v). The reaction contents 
were poured into cold water and extracted with EtOAc. The organic layer was washed twice with 

10 saturated cold sodium thiosulfate, saturated NaHC0 3 , and with water. The product was dried 
over anhydrous sodium sulfate and filtered to remove the drying agent The solvent was removed 
in vacuo which afforded a light yellow waxy solid. The product was dissolved in THF and then 
concentrated in vacuo at low temperatures twice to remove any residual solvents not desired for 
the nest step to afforded 380g of 2-Iodomethyl-3-(2,3,4-tri-0-benzyl-a-L-C-fucopyranoside)-l- 

1 5 propene (97%). This reagent should not be stored and was used immediately protected from heat 
and light. 1 H-NMR spectral analysis of the reagent was consistant with its structure. 

2,3,4-Tri-O-benzyi-a-L-C-Fucopyranoside allyl bromide reagent. 

To a stirred suspension of LiBr (42.72 g, 493 mmole, 5 mmole equiv.) in THF (197 mL) 
was added 2-CWoromemyl-3Ktri-0.benzyl-a-L-C-fucopyranoside)-l -propene (50.0 g, 98.6 
20 mmole, 1 mmole equiv.) and the reaction was heated to reflux for 3 hours and then allowed to 
cool to room temperature. The reaction was monitored by tic (product Rf slightly higher than 
starting material). The tic conditions used were 10% ethyl acetate in hexanes (v/v). The reaction 
contents were condensed to half of the original volume of THF, poured into cold water and 
extracted with EtOAc. The organic layer was washed twice with water, 1.0M HC1 and again with 
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The prod uc, W dried over sodium ^ ^ flittrcd (o rem<)ve ^ 

— W in melhanol and ta c „ led ,, _ m Kmperaiures wice (o ^ ^ 

^ sCven*. The pro d uct w dissolved in ^ ^ ^ ^ 

cv OT , gh , Kiltration of , he ^ gave 4Q g ^ m a wwte ^ ^ ^ 

irr.nT" ,o ^ of * e ori8inai voiun,e - ^ ^ » °° C °— an 

b™,^,^^ ~ mp . 5I ; 5 . 53 o C - 95% 

.H-NMR (CDC ,3, , Z 2 0-,50 (m , , 5H , „ ft ^ ^ 

— v^,,, 4,0-4 ,0 (rampIex muWpl e,, 6 „, ^ 4 , 5 fe J=4 22 m h 4 o ; 

^"l"';™ ^ ^ IH) - 3 ,H) ' ^ * ^ * 

CDC 3, 5 1423 , , aIkene (e) , 138 , 7 ^ (e) m h ^ ^ ^ ^ 

r ( ~ (o> - i2? - 86 — <°>- ™ «— . co) , I2 , 34 „ (0) . moo 

-Wc (e), ,,6, ^ mahy] (o , ^ calcuiated for C3]H3sB[04: c _ 
Found: C, 67.81; H, 6.56. 

2,3 A6-Te tta .O-be 1C v,-a. D .c^, ucop a , |y , 

The reacion was ^ed according to ^ ^ ^ ^ ^ ^ 

mp = 7 , 8I o c . lfj-NMR (CD a 3 > 5 , , I0 .,<0 (20H) , (5 , 
20 vnvO «.* (6 , 10 , 7 ^ 1H) , {5> lfl 87 ^ 

«4 ,-,0^ 1H> H-l), 4 , 2 2H) , 3, 8 (m , ^ 2 , 5 ^ 2H) ]3c 

, "r n ; f; ,38 - 68 * 138 08 (e) - 13793 ^ « 1280 <* <°>. - « 

»*« (e) , 82 . 3I ^ (o) , ^ ^ ^ ^ ^ ^ ^ ^ • 
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73.19 (c), 72.80 ring (o), 71.31 ring (o), 68.79CH 2 ring (e), 48.15 CH 2 C1 allylic (e), 27.98 allylic 
(e). Mass Spec. (LSIMS with mNBA and NaOAc) 635.2 (MNa + ). Analytical Calculated for 
C38H41CIO5: C, 74.43; H, 6.74. Found: C, 74.62; H, 6.92. Note that the use of the trimethoxy 

reagent sometimes results in lower yields (50-80%) in some cases due to unreacted starting 
materials. 

2,3,4,6-Tetra-O-benzyl-o-D-C-Galactopyranoside allyl chloride reagent. 

The reaction was performed according to the teachings disclosed herein and resulted in an 
84% yield. The compound isolated as an oil. iH-NMR (CDCI3) 8, 7.25 (m, 20H), 5.16 (6. 
J=37.54 Hz, 2H), 4.85-4.50 (overlapping benzylic patterns, 6H), 4.26 (p, 3.85 Hz, 1H, H-l), 4.16 
(s, 2H), 4.09 (m, 2H), 3.88 (m, 2H), 3.79 (dd, J=4.88 Hz, 1H), 2.59 (m, 2H). 13 C -NMR (CDCI3) 
5 143.32 alkene (e), 139.21 (e), 139.09 (e), 138.90 (e), 138.83 (e), 128.5 (o), 128.0 (o), 127.8 (o), 
127.5 (o), 1 17.22 alkene (e), 77.32 ring (o), 74.89 ring (o), 74.00 (e), 73.88 (e), 73.83 (e), 73.69 
(e), 72.72 (o), 68.19 (e), 49.09 (e), 28.98 allylic (e). Mass Spec. (LSIMS with mNBA and 
NaOAc) 635.3 (MNa + ). Analytical Calculated for C38H41CIO5: C, 74.43; H, 6.74. Found: C, 
74.31; H, 6.87. 

General reaction comments: The reagent ratios for the remaining per-O-acetylated 
carbohydrates were for example: 1,2,3,4,6-penta-O-Acetyl-D-galactopyranoside (.1.00 mmole 
equiv.) and 2-chloromethyl-3-trimeth y lsil y l-l.propene (2.00 mmole equiv.) were dissolved in 
acetonitrile (1.3M). Boron trifluoride etherate (2.00 mmole equiv.) and 
trimethylsilyltriflouromethane sulfonate (0.40 mmole equiv.) were carefully added neat at room 
temperature. The reaction was refluxed for 6 hours and worked up as described. TLC 30% ethyl 
acetate in hexanes. 
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2A4-Tri-0-acetyl-a-L.C-Fucopyranoside allyl chloride reagent. 

TOs compound was synthesized according to the teachings disclosed herein and resulted 
in an 85% yieid. The compound isolated as an oil. ' H-NMR (CDCI 3 ) 5, 5.3 (m 1H) 5 2 (m 
2H), 5.2 (s , ,„), 5 .05 (s. 1H) , 4 .38 (m , „. 48 Hz _ ^ fe ^ ^ ^ ' 

ft 3H), ,.09 (5 , «. 4I Hz , 3H , ,3 C . NMR (CDCI3, 5 17..03 acetyl (e), ,70.66 acetyl <„.' 
^ acetyl (e), ,42.06 a, k ene <e>, ,,7.72 afcene (e), 7,.66 ring (o) , 7,,9 ring (o) , 68 , 4 ring 
(o), 68.40 n„g (o,, 66.33 ring (o). 48.5, allylic (chloride side) (c), 29.50 allylic (e, 20 77 (o) 
20.7, (ox 20.64 (o), ,6.53 L-fucose methy, group (o). ,R 2985, ,746, ,646 cm->. Mass Spec' 
■0 <LS,MS „,,„ mNBA and NaOAc) 385, (MNa + ), 363, (MH+). Ana.ytica, Ca,cula,ed Tor 
CI6H23CIO7: C, 52.97; H, 6.39. Found: C, 52.66; H, 6.40. 

Fucoside-2-3,4-trihydroxyl allyl chloride. 

The reaction was quantitative, m p=,85-186.5«C. 1 H-NMR (CDCI3) 8, 5.02 (5 J=42 8 
2H. terminal vinyl), 4.0. allylic -CH 2 CI (s, 2H), 3.89 (p, W.9, Hz, ,R H-„, 3.69 (m 2H H 2 
'5 * 5), 3.45 (m, 2H, H-3 * 4 ), 2.36 (m, 2H, a,,v,ic>, 0.97 (6, ,-6.47 Hz, 3H). .3 C . NM R 
-3C D) . ,45.35 a, k ene (e), „,,8 al k ene (e), 75.35 ring (o), 72,4 ring (o), L ring T 
^.88 ring (o), 69,5 ring (o) , 49.34 -C„ 2 C, (e), 29.50 allylic (e), ,7.05 ^ methy| (q) 

Mass Spec. (LSIMS with GIy) 237 , (MH+). Ana.yUca, Calcu,ated for C, 0 H 17 C,O4 : C, 50.74- 
H, 7.24. Found: C, 50.63; H, 7.43. 
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2,3,4,6-Tetra-O-acetyI-a-D-C-Galactopyranoside allyl chloride reagent. 

The reaction resulted in a 74% yield, mp=80-82°C. 1H-NMR (CDCI3) 5, 5.31 (br, 1H). 
5.16 (m, 2H), 5.05 (5, J=47.17 Hz, 2H, terminal vinyl), 4.33 (m, J=3.54, 1R H-l), 4.1-3.9 (m, 
3H), 4.02 (s, 2H), 2.52 (dd, J=l 1.41, 1H), 2.28 (dd, J=2.75, 1H), 2.01 (s, 3H, acetyl), 1.98 (s, 3H, 
5 acetyl), 1.91 (s, 6H, acetyl). 13 C -NMR (CDCI3) 6 170.18 acetyl (e), 169.81 acetyl (e), 169.67 
acetyl (e), 169.53 acetyl (e), 141.04 alkene (e), 1 17.17 alkene (e), 70.64 ring (o), 68.09 ring (o), 
67.79 ring (o), 67.55 ring (o), 67.42 ring (o), 62.32 C-6 ring (e), 47.65 -CH 2 C1 (e), 28.86 allylic 
(e), 20.53 acetyl group (o), 20.47 acetyl group (o), 20.41 acetyl group (o). IR 2958, 1729, 1646 
cm-1. Mass Spec. (LSIMS with mNBA and NaOAc) 443.1 (MNa+), 421.2 (MH+). Analytical 
10 Calculated for C18H25CIO9: C, 51.37; H, 5.99. Found: C, 51.47; H, 6.15. 

2,3.4.6-Tetra-O-acetyl-a-D-C-Mannopyranoside allyl chloride reagent. 

The reaction resulted in an 80% yield, and the compound isolated as an oil. 1H-NMR 
(CDCI3) 5 5.13 (m, 3H), 5.12 (5, J=41.76 Hz, 2H, terminal vinyl), 4.20 (q, J=6.41 Hz, 1H, H-l), 
4.05 (m, 2H), 4.04 (5, J=1.65 Hz, 2H), 3.85 (m, J=2.69 Hz, 1H), 2.60 (dd, J=10.32 Hz, 1H), 2.39 

15 (dd. J=4.52 Hz, 1H), 2.03 (s, 3H, acetyl), 1.98 (s, 3H, acetyl), 1.93 (s, 3H, acetyl). 13 C -NMR 
(CDCI3) 5 170.28 acetyl (e), 169.89 acetyl (e), 169.66 acetyl (e), 169.37 acetyl (e), 140.43 
alkene (e), 1 17.61 alkene (e), 73.06 ring (o), 70.52 ring (o), 70.07 ring (o), 68.47 ring (o), 66.52 
ring (o), 62.04 CH 2 (e), 47.47 -CH 2 C1 (e), 31.95 allylic (e), 20.67 acetyl CH 3 (o), 20.50 acetyl 
CH 3 (o), 20.47 acetyl CH 3 (o), 20.43 acetyl CH 3 (o). IR 2958, 1729, 1646 cm-1. Mass Spec. 

20 (LSIMS with mNBA and NaOAc) 443.0 (MNa + ), 421.3 (MH + ). 

2.3,4,6-Tetra-O-acetyl-a-D-C-Glucopyranoside allyl chloride reagent. 

The reaction resulted in a 20% yield, and the compound isolated as an oil. ^H-NMR 
(CDCI3) 5, 5.26 (t, J=9.10 Hz, 1H, H-3), 5.10 (d, J=45.12 Hz, 2H, terminal vinyl), 5.02 (m, 1H, 

LA-2804 31 
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H-2), 4.90 (t, J=8.97 Hz, 1H, H-4), 4.33 (m, 1H, H-l), 4.13 (dd, J=5.44 Hz, 1H, H-6), 3.98 (dd. 
J=2.62 Hz, 1H, H-6), 4.05 (s, 2H, -CH 2 C1), 3.86 (m, 1H, H-5), 2.61 (dd, J=l 1.54 Hz, 1H), 2.38 
(dd, J-3.17 Hz, 1H), 1.99 (s, 3H, acetyl), 1.98 (s, 3H, acetyl), 1.96 ( S , 3H, acetyl), 1.95 (s, 3H. 
acetyl). 13 C -NMR (CDC. 3 ) d 172.03 acetyl (e), 171.54 acetyl (e), 171.04 acetyl (e), 170.99 
5 acetyl (e), 142.33 alkene (e), 118.96 alkene (e), 72.55 ring (o), 71.57 ring (o), 71.43 ring (o). 
70.49 ring (o), 70.13 ring (o), 63.63 C-6 ring (e), 49.29 -CH 2 C1 (e), 30.15 allylic (e), 22.1 1 acetyl 
groups (o), 22.06 acetyl groups. IR 2958, 1729, 1646 cm-1. 

Example 2 

Charge/Distance Spatial Relationships of sLe* and sLe a Glycomimetics 

Structural glycomimetics based on isonipecotic, carboxypiperidine, and other 
heterocyclic acids, including sulfated analogs also were designed to mimic the functional 
biological activity of complex carbohydrates important in cell adhesion such as sialyl Lewis- 
(sLe x ) and sialyl Lewis" (sLe a ). 

In this approach, we utilized the functional structural features of sLe* as an initial starting 
15 point to design the heterocycle-based cell adhesion inhibitors, and then used a matrix defining a 
charge-distance-coordination relationship in order to efficiently "map" the selectin bindine 
domain in cell-based assays or animal inflammatory models. A chart showing this Heterocvcle 
Design Matrix is shown in Table U. On the left side of the chart, a set of carbohydrate and non- 
carbohydrate glycomimetics (R*> is shown. These glycomimetics were combined with sialic acid 
20 or analogs thereof (shown along the top of the chart) to form the compounds of the present 
invention. The numbers within the chart are identification numbers for compounds described 
further below. 

The attachment of carbon glycosides of Example 1 or aromatic acids to the nitrogen of 
«hyl nipecotate or to the Fmoc proved isonipecotic acid attached to a Wang resin OM4356, 
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allows for the solution-phase or solid-phase parallel combinatorial techniques. For example, 
general procedure for acylation of aromatic acids with piperdine acids coupled on Wang 



a 

s resin 



is shown below: 



COOH 



Fmoc 

o 

OA DMF:MeOH 4:1 ^ \ / 




NH 

OAc 



OAc 
OAc 



OH 

OH 



OH 

OH 



OH OH 



In a similar manner, the carboxymethylene piperidine analogs and the extended 
derivatives were explored. We initially began with an L-fucoside reagent such as GM2998 and 
GM2786 and then began to explore additional carbon-glycosides as a functional mimic of L- 
fucose as potential calcium ion coordinators for the modulation of cell adhesion. The design 
advantage of this approach is the vast numbers of structural glycomimetics that are possible 
through traditional medicinal chemistry, and combinatorial techniques, with fewer chiral centers 
compared to the complex oligosaccharide epitopes. The protecting groups are easily removed 
under standard techniques. As shown in Table U, one can either extend the carboxyl functionality 
or change the carbohydrate epitope within a particular class of compounds. This charge-distance- 
coordination-design-matrix design strategy allows focthe rapid evaluation of structural mimics 
and to correlate biological activities. 
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We priced to by generatiag carbon-glycoside-based glycomimetic buiIding ^ 
•ha. toy should be physiologically stable (carbon-glycosides a. „o, cleaved by any ^ 
enzyn.es), comam a more linear charge-dis,a„ce.oordi„a,io„ approach ramer man a repiica 0 f 
sLe , show inhibit of selec.in-media.ed adhesive in,erac»ons boo, ,„ v,Vo and in vim utiIi2e 
omer carbohydra.es as cooking mimics besi.es L-fccose and be useful in 
med-cina, chemist and co m bina,orial memodologies. ,„ .his man* design, one cw ^ 
« y - Gilding blocks are derived from a,ky,a,ion, acylauon and omer ^ of spies' 
In add„,o„, several types of compounds and convex sulfas oligosaccharides .ha, do no! 
con,i„ sialic acid or fccose have been reported as seiecun inhibit. Se,ec,i„ inhibit can be 
«.n,p,ex oiigosaccharides, glycomimeucs, suifa,ed glycon.hne.ics, suifcude, su.fa.ed po,ymers 
such as fccoidan, heparin, heparin su,fa,e pro,eo gl ycans ma, bind ,o L -se,ec,in and calcium- 
ependen, heparin,^ L-selecin ligands, dex„a» suifa,e, sulfa«ed glycolipids, poiysu.fa.ed 
der-vauves of b-cyclode^in and smaller sul„ed (s„,fa,e clus,erin g > species like sulfaKd ^ 
— show binding acvi* . owar ds L .se,ec,i, The in.eres.ing aspec. of mese inhibi.ors is 
u.a. no. al, con.ai„ sialic acid or fucose like «he n^ura, epi.o P es, bu. a,, conuin charged and 
coord.na.ing gr „ ups , ^ . charg£ ^ or ^ ^ sm ^ 

— ~ Thus, me design and nation of differen. s,ruc.ura, mo,ifs for se.ecin inhibit 
depend on U.e in^ed mode of use (i.v„ i.h., p.o.) and desired pharmacologic^ (ADME) 
profiles. Therefore, inorganic s^faKs have been added » a select se. ofcompounds in order .„ 
20 address this concept. 

Figure 4 depic<s an examp.e of a sc. of compounds having increasing charge/d 
relaUonship which are taenoed ,o map me charge/dis.nce spaUa, rc .a«o„ships of sLe« 



istance 
and sLe a . 
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Example 3 

N-acylated Heterocycles 
Pyridine derivatives 

As shown in Figure 3, new pyridine based carbon-glycosides derived from the cyclization 
of GM1853 (compound 1) and an allylic amine have been developed. Sub-structural glyco- 
mimetic building blocks like GM3592 (Compound 7) and GM3672 (Compound 6) were 
designed to give alpha or beta pyridine-based carbon-glycosides necessary to build 
glycomimetics capable of mimicking the functional biological activity of sLe x and sLe a . 

This example describes the synthesis of Compounds 6 and 7 of Figure 3. Our intent was 
that we could make compounds capable of modulating selectin-mediated adhesive interactions, 
and thereby attenuate the degree of leukocyte-endothelial selectin-mediated cell adhesions and 
thereby modulate tissue injury and disease processes. Thus, we describe the synthesis of 
Compound 6 as a novel carbon-fucoside building block suitable for both traditional medicinal 
chemistry approaches and to solid-phase combinatorial techniques for the construction of novel 
15 carbohydrate-based therapeutics. 

Materials and Methods: A novel pyridine carbon-glycoside was synthesized from the 
cyclization of C-glycosyl ketone aldehyde amine compound 3. The a-C-L-fucopyranosyl- 
allylchloride 1 reacted with allylamine and then protected by di-,m-butyl-dicarbonate to give the 
diallylamine compound 2 in overall 99% yield. Compound 2 was ozonized and reduced by 
dimethylsulfide to provide the ketone aldehyde compound 3 in 54% yield. The presence of the 
ketone and aldehyde groups were confirmed by 13 C . N MR spectrum. The peak d 204.36 ppm 
was assigned to the ketone carbonyl group and d 199.42 ppm to the aldehyde carbonyl group. 
Cyclization of compound 3 under the basic condition of NaOH in dry methanol did not give the 
expected aldol condensation product 8, but provided two pyridine C-glycosides 4 and 5 at a ratio 
25 of 2.5:1. The benzyl protecting groups on compounds 4 and 5 were removed by catalytic 
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hydrogenauon ,o give the pyridine c . mcosides fi ^ ? ^ smame o( t ^ ^ 

were consistent with the structures ^ Md by ,3^ ^ ^ ^ ^ ^ 
ketone peats were observed in the Bc-NMR spectra for the two produce Tie 'H-NMR spectra 
showed .here were „o pro.ec.ing groups on nitrogen for both produce The three peaks 
W o„h,e,, doub.e, and sing,e„ between d « ppm and 8 . 2 ppm „ Ifj-NMR spectra and six ^ 
between d ,24 ppm and ,56 ppm i„ .3 C . NMR specna of ^ ^ ^ _ ^ ^ ^ 

pyridine ring in both P roducts. The a.e.nflguraUon a, C-r was confirmed by sma„ coupiing 

constant of 2.6 Hz between H-l' and H r n,. 

and H-2. The pyranosyl ring opening in compound 7 was 

eoncMed b y tbe absence of me P eak aronnd d 5 PP m for „-,■ and the presence of ^ a, d 
2.85 „ m for H-ra and „.,* Mass specra, a.a.vsis of .he compounds showed peaks ^ 242 
(M+H)+ f„ r compound 6 and m/z 244 (M+H)+ for compound 7. 

Other carbohydrates based on mis a„v,ic carbon-givcoside can aiso be used to prepare 

novel pyndine-based-carbon-elvcoside* nu,^,^ ■ 

glycosides. Glucose, galactose, mannose and sialic acid can be 

substituted for the fiicose. 
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Piperidine derivatives 

A general procedure for alkylation of piperidine compounds with an C-glycoside allyl 
chloride reagent is shown in Scheme 3 : 



co 2 Et 



C02Et 

6 



i 

H 



. IHO - 
OH 



CI Cs-CO, 
Naf 3 



DMF 




na OH 



10 



Scheme 3 

The following procedure can be utilized to N-alkylate piperidine esters with C-glycosyl 
allyl chloride reagents. Although this particular example is specific to the compounds shown in 
Scheme 3, a skilled artisan can generalize this procedure for a variety of piperidine esters and 
C-glycosides. Ethyl isonipecotate (1, l.OOg, 6.36 mmole, 1.01 mmole equiv.) and 
o-L-C-fucopyranosyl allyl chloride (2, 1.49g, 6.30 mmole, 1.00 mmole equiv.) were dissolved in 
DMF (12.7 mL). To the solution were added Nal (472 mg, 3.15 mmole, 0.5 mmole equiv.) and 
Cs 2 C0 3 (2.05 g, 6.30 mmole, 1.00 mmole equiv.). The mixture was stirred overnight at room 
temperature under nitrogen balloon protection. TLC showed the complete disappearance of 
15 starting materials and a single spot for product. The mixture was poured into water and 
chloroform was used to extract the product until TLC showed no product in the aqueous layer. 
The combined extracts were dried over Na 2 S0 4 , filtered and evaporated. The condensed residue 
was loaded on a silica gel column, eluting with chloroform to remove all of DMF solvent and 
then with chloroform-methanol (9: 1). A white solid product (3) was obtained, 2.10 g, 93%. 



37 



BNSDOCiD: <WO 9929705A2_I_> 



WO 99/29705 

PCT/US98/25783 

Hydrolysis of N-all y l-C-glycosyl piperidine esters to sodium salts. 

The N-allyI-C-a-L-fucosyl-4-piperidine ester (3, 1.24 g, 3.47 mmole, 1.00 mmole equiv.) 
of Scheme 3 was dissolved in methanol (27 mL) and water (9 mL). To the solution was added 
NaOH (1.39 g, 34.7 mmole, 10 mmole equiv.). The mixture was stirred at room temperature 
over-night (16 hrs). TLC showed the complete disappearance of the starting material. The acidic 
form Amberlite IR-120 (plus) ion exchange resin was used to neutralize the hydrolysis solution 
to pH 10 - 12. The mixture was filtered immediately, the resin was washed with methanol and 
the combined solutions were evaporated. The crude product was purified on a reversed phase 
octadecyl silica gel clot in a glass buchner fimnel eluting with water, and 1 0% methanol in water 
The product fraction was evaporated and dried completely. Under strong basic condition 
of the polymers were cleaved from the octadecyl silica gel. The dried mixture was redissolved i 
water (2 mL) and purified on a reversed phase octadecyl silica gel clot in a glass buchner funnel 
agatn eluting with water, 10% methanol in water. After evaporation of methanol, adjustment of 
the solution to pH9 with 0.01 N NaOH solution, and .yophilization, a white amorphous solid 
15 was obtained, 0.95 g, 83% yield. 



10 



some 
in 



Solid-Phase Synthesis of N-acylated Heterocycles 

A general procedure for coupling an unprotected sugar allylchloride to piperidine acid on 
Wang's Resin is shown below: 

in DMF \ / 



HO OK 



HO . OH 



DMF 

OH 



Cs2C0 3 . Nal 




''CH, 



HO P H 



20 
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The Wang's resin from Sigma has been coupled with N-Fmoc protected isonipecotic acid 
with a loading level of 0.54 mmole/g. The coupled resin (100 mg, 0.054 mmole) was put in a 12 
mL polypropylene cartridge with PE frit and the cartridge was stoppered with a rubber septa. To 
the cartridge was added 20% piperidine in DMF (5 mL). The mixture was kept at room 
temperature for 1 minute and then the solution was released. To the cartridge was added another 
portion of 20% piperidine in DMF (5 mL). The mixture was kept for 20 minutes at room 
temperature. The solution was released and the resin was washed with DMF (5 mL x 10) and 
CH2CI2 (5 mL x 10). The resin was dried under vacuum for 0.5 h. 

To the resin cartridge were added C-fucosyl allylchloride (63.9 mg, 0.27 mmole, 5 
equivalent), Cs 2 C0 3 (88.0 mg, 0.27 mmole, 5 equivalent), Nal (40.5 mg, 0.27 mmole, 5 
equivalent) and dry DMF (1 mL). The mixture was stirred gently at room temperature for 15 h 
and then sonicated in a water bath for 0.5 h. The solution was released and the resin was washed 
with DMF (5 mL x 5), water (5 mL x 5), methanol (5 mL x 5) and CH2CI2 (5 mL x 10). The 
resin was dried under vacuum for 0.5 h. 



To the resin cartridge was added 50% TFA in CH 2 C1 2 (5 mL) and the mixture was kept 
at room temperature for 0.5 h. TLC of the solution showed a single spot for the product. The 
solution was released and the resin was washed with CH 2 C1 2 . The combined solution was 
evaporated and dried under high vacuum for 3 h. The crude product was dissolved in water (1 
mL) and the pH of the solution was adjusted to pH ~ 12 using 1 N NaOH solution. The solution 
20 was loaded on a reversed phase octadecyl silica gel clot in a glass buchner funnel. The clot was 
eluted with water to remove the salts in the system and 20% methanol in water to provide the 
product fraction. After evaporating methanol and lyophilization, a white amorphous solid was 
obtained (20.2 mg, ~ 100% yield). lH and 13 C -NMR showed it was very pure product 

The compounds of Figures 6-8 were synthesized using the techniques and strategies 
25 described in this specification and characterization data for each compound is provided below. 
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GM 4225: 1 H NMR (CDCI3): 8 3.50 (s,3H, COOCH3), 2.88 (dd, 7= 12.1 Hz, J = 2.4 
Hz. H-2e and H-6e), 2.45 (dd, 2H, J = 12.1 Hz, J= 9.8 Hz, H-2a and H-6a), 2.07 (d, 2H, J = 7.1 
Hz, H-a), 1.72 (m, 1H, H-4), 1.50 (m, 3H, N-H, H-3e and H-5e), 1.01 (m, 2H, H-3a and H-5a). 
13C NMR (CDCI3): 5 172.74 (COOCH3), 77.43, 77.00 and 76.57 (CDCI3), 51.05 (COOCH3). 
5 46.17 (C-2 and C-6), 41.27 (C-a), 33.13 (C-4), 32.95 (C-3 and C-5). MS (POS ESI): in/z 158 
(M+H) + . 

GM 4306: 1 H NMR (D 2 0): 5 3.42 (bd, J= 12.9 Hz, H-2e and H-6e), 3.01 (dt, 2H,V= 
13.1 Hz, J- 13.1 Hz, J = 2.9 Hz, H-2a and 6a), 2.17 (d, 2H, J - 7.0 Hz, H-a), 1 .97 (m, 1H, H-4), 
1-93 (bd, 2H, J = 12.6 Hz, H-3e and H-5e), 1.43 (m, 2H, H-3a and H-5a). 13 C NMR 
10 (P20): 5 182.41 (COONa), 45.07 (C-a), 45.02 (C-2 and C-6), 32.42 (C-4), 39.30 (C-3 and C-5, 
MS (POS ESI): m/z 144(M-Na+2H)+. 

GM 449!: 1 H NMR (CDCI3): 5 7.35 - 7.1, <m> 5H, Ph), 4.13 ( m , 2H, H-2e and H-6e), 
3.51 (s, 3H, COOCH3), 2.86 (m, 2H, ObPh), 2.66 (m> 2H, H-2a and H-6a). 2.53 ( m , ,H. H-a), 
1.77 (m,2H,H-3e and H-5e), ,.56(m, 1H, H-4)), 1.45 ( S , '9H, C(CH3)3), 1.26( m ,2H. H-Jaani 
■5 H-5a). .3 C NMR (CDCI3): 5 174.77 (COOCHj), .54.69 (NCOC(CH 3 )3), .39.26, 128.65, 
128.37 and 126.31 (CH2PJ1), 79.38 (C-2 and C-6), 77.44, 77.01 and 76.59 (CDCI3), 53.35 (C-a) 
5..05 (COOCH3), 43.82 (C-3 and C-5), 38.62 (C-4), 35.56 <C.H 2 Ph), 29.87 (OC(CH3) 3 ), 28.4, 
(OC(CH 3 ) 3 ). MS (POS ESI): m/z 370 (M+Na)+. 

GM 4442: 1 H NMR ( C DC, 3 ) : 8 4.09 ( m , 2H, H-2e and H-6 e ), 3.64 (s,3H, COOCH3) 
20 2.54 („, 2H, H-2a and H-6a), 2.06 (m, 2ft H-3e and 5e), 1.57 ( m , 6H), 1.40 ( s , 9H. OC(CH3) 3 ), 
■•17 (m, 7H). 13 C NMR (CDCI3): 8 175.95 (COOCH3), 154.61 (NCOC(CH 3 )3), 79.23 (C-2 
and C-6), 77.42, 76.99 and 76.57 (QDCI3), 5L24 (C90CH3), 50.21 (C-a), 45.31 (C-4), 44.20 
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(C-3 and C-5), 31.50 (OC(CH 3 ) 3 ), 28.36 (OC(CH 3 ) 3 ), 26.90, 25 81 and 23.59 (cyclohexyl ring). 
MS (POS ESI): m/z 348 (M+Na) + . 

GM 4146: After purification on a silica gel column eluting with CHCI 3 -MeOH (95:5 
and 9:1), a white solid compound was obtained. 1h NMR (CDC1 3 ): 8 5.18 (s, 1H, C=CHaH b ) 
5 5.05 (s, 1H, C=CHaH b ), 4.13 (m, 1H, H-P), 4.10 (q, 2H, J= 7.1 Hz, COOCH 2 CH 3 ), ^(dd! 
1H, J = 8.8 Hz, J = 5.5 Hz, H-2'), 3.85 (dq, 1H, J= 6.6 Hz, y = 1.8 Hz, H-5'), 3.79 dd, 1H, 7-3 2 
Hz, J = 1 .8 Hz, H-4'), 3.72 (dd, 1H, J = 8.8 Hz, J = 3:2 Hz, H-3'), 1*1^ m, ~j =T 3 2 Hz, 
NCHaHbC^C^), 2.88 - 2.79 (m, 3H, H-2e, H-6e, NC Ha H b C=CH 2 ), 2. 42 (d, 2H, J = 6.2 Hz, 
CH 2 C=CH 2 ), 2.21 (d,2H,y=7.0Hz,H-a), 1.91 (m, 2H, H-2a and H-6a), 1.77 (m. lH, H-4), 
10 1.68 (m, 2H, H-3e and H-5e), 1.41 - ,.,9 (m, 8H, H-3a, H-5a, COOCH2CH3, CH3). 13 C NMR 
(CDCI3): 6 172.69 (CG2CH2CH3), 142.75 (C=CH 2) , 116.40 (C=CH 2 ), 77.41, 76.98 and 76.56 
(CDCI3), 74.11, 71.68, 71.05, 68.71 and .67.59 (C-1', C-2', C-3", C-4' and C-5'), 64.55 
(NCH 2 C=CH 2 ), 60.23 (COOCH 2 CH 3 ), 53.48 (C-2 and C-6), 40.87 (C-a), 32.71 (C-4), 31.86 
(CH 2 C=CH 2 ), 31.46 and 31.36 (C-3 and C-5), 16.52 (CH 3 ), 14.21 (COOCH^H,). MS (POS 
15 ESI): m/z 372 (M+H) + . 

GM 4147: After purification on a reversed phase octadecyl silica gel clot in a glass 
buchner funnel eluting with water, H* methanol in water, and lyophilization, a white 
amorphous solid was obtained. 1 H NMR (D 2 0): 5 5.30 (s, 1H, C=CHaH b ), 5.17 ( s 1H 
C=CHaH b) , 4.12 (ddd, 1H, J = 11.4 Hz, J = 5.8 Hz, y - 3.1 Hz, H-l'), 3.97 - 3.88 (m, 2H in 
20 pyranosyl ring), 3.76 - 3.73 (m, 2H in pyranosyl ring), 3.51 (dd, 1H, J = 13 4 Hz 
NCHaH b C=CH 2 ), 3.34 (d, 1H, j = 13 .4 Hz, NCHaH b C=CH 2 ), 3.00 (n, 2H , H-2e and H-6e)' 
2-70 - 2.52 on. 3H, H-2a, H-6a and CHaH b C=CH 2 ), 2.31 (bd, 1H, J= 14.2 Hz, CHaH b C=CH 2 ) 

2.09 (d, 2H, j = 7.1 Hz, H-a), 1.81 (m, 3H, H-4, H-3e^d H-5e), 1.38 (m, 2H, H-3a and H-5a), 

1.10 (d, 3H, J = 6.5 Hz, CH3). 13c NMR (D 2 0): 5 182.53 (CO.Na), 137.88 (C=CH 2 ), 122 72 
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(C-SH 2 ), 74.5., 72.54, 70.80, 68.7, and 68.32 (C-r, C-X, C-3-, C-4' and «•) 61 95 
(N£H2C=C„ 2 ), 54,6 and 53.36 (C-2 and C-6). 44.93 ( C-a>, 32.82 (C-4), 30.28 <CH2C=CH 2 
-d C-3 or C-5,, 29.98 (C-5 or C-3), ,6.49 (CH 3 ). MS (POS ES,): .* 344 (M-Na+2H) + . 

OM 4223: After purtfoanon o„ a „ phase octadecyl ^ ^ ^ fa ^ ^ 

(n, 8H, H-,, H-3., H-5', H-6X H,„ NCH2 G-CH2), 3.47 <* 2H, H-2e and H^e) 2 87 
(rn 2H, H, a ^ H . Sa) 2 w (dd 1H J ^ 53 ^ o 2 j8 • ^ 

- .5.3 CW-CH2), 2,4(d, 2„,,- ,0 Hz , „.a), , 90 (m , 3H , H-4 H-3c 

- and H-5e>, ,47 (m , 2„, „. 3 a and H-5a, >3 C ^ ' 

«X ,4.62 ^ 76,3, 75.47, 7,69, 7,48 and 68,9 <C, C-2, ^ 
n «..» ,C6.,, 6,53 ^c^,, 53.88 and 53.44 (C-2 and C-6), 44.64 (C-a, 34 05 
. (CH2C=CH2), 32.35 (C-4>, 29.75 (C-3 and C-5). MS <Ne g ES.) : ^ 358 (M-Na)*. 

OM 4224: After pur^n on . ^ ^ ^ ^ ^ ^ ^ 

^^e>e luti n g ^ TOttrandlyophiI ^ onawWtt 

<D20,: 5 5 « & C ^». ^ C, -H, OC HaHb) , 4.22 (ddd, lH,y= 1 1 3 Hz. 

r 400 (dd - 98 * y = 58 * « <- 

« « » 9 8 * 3 3 * 3 <* 2H - J ' 5 4 * H-6a and H-6T,) 

H-aX ,92 (m , 3a H-4, H-3e and , 45 (m , ^ H . 3a md , 3 

"•04 ( C-1 , C-2, C-3', M and C-5',, 6,85 (C-6,, 54.09 (NCH 2C =C„2), 53.44 <C-2 and C-6), 
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44.77 (C-a), 32.59 (C-4), 30.36 (CH 2 C=CH 2 ), 30.01 (C-3 and C-5). MS (POS ESI): m/z 360 
(M-Na+2H)+. 

GM 4420: After purification on a reversed phase octadecyl silica gel clot in a glass 
buchner funnel eluting with water and lyophilization, a white amorphous solid was obtained. 1 H 
NMR (D 2 0): 6 5.52 (s, 1H, C=CHaH b ), 5.42 (s, 1H, C=C Ha H b) , 4.21 (ddd, 1H, J= 1 1.5 Hz, /= 
6.0 Hz, J = 3.2 Hz, H-l'), 3.86 - 3.56 (m, 10H, 6H in pyranosyl ring, NCH2C=CH 2 , H-2e and H- 
6e), 2.90 (m, 2H, H-2a and H-6a), 2.64 (dd, 1H, J= 15.4-Hz, J- 1 1.5 Hz, CHaH b C=CH 2 ), 2.44 
(dd, 1H,J= 15.4 Hz,/= 3.2 Hz, C Ha H b C=CH 2 ), 2 .38 (d, 2H, J = 6.7 Hz, H-a), 2.05 (m, 3H, H- 
4, H-3e and H-5e), 1.54 (m, 2H, H-3a and H-5a). 13 C NMR (D 2 0): 5 177.68 (C0 2 H), 135.40 
(C=CH 2 ), 125.37 (C=CH 2 ), 74.93, 74.03, 71.84 and 71.15 (C-l\ C-2', C-3', C-4' and C-5'), 61.94 
(C-6'), 61.84 (NCH 2 C=CH 2 ), 54.27 and 53.42 (C-2 and C-6), 40.59 (C-a), 31.13 (C-4), 30.34 
(CH 2 C=CH 2 ), 29.61 (C-3 and C-5). MS (POS ESI): m/z 360 (M+H)+. 

GM 4307: After purification on a reversed phase octadecyl silica gel clot in a glass 
buchner funnel eluting with water, 20% methanol in water, 50% methanol in water and 
1 5 lyophilization, a white sticky compound was obtained. lH NMR (CD 3 OD): 8 4.18 (d, 1H, J = 
7-6 Hz. H-l'), 3.97 (m, 1 H,OCH a H b CH 2 N), 3.69 - 3.57 (m, 3H, 2H from pyranosyl ring and 
OCHaH b CH 2 N), 3.65 (s, 3H, C0 2 CH3), 3.61 - 3.45 (m, 2H in pyranosyl ring), 3.00 (m, 2H, H- 
2e and H-6e), 2.66 (ddd, 1H, J = 13.2 Hz, J = 7.4 Hz, J = 4.6 Hz, OCH 2 CHaH b N), 2.54 (ddd, 
1H, J = 13.2 Hz, J = 4.5 Hz, J = 5.6 Hz, OCH 2 C Ha H b N ), 2 . 26 (d, 1H, J = 6.8 Hz, H-a), 2.08 
20 (dd, 1H, J = 1 2.2 Hz, J = 9.9 Hz, H-2a or H-6a), 2.00 (dd, 1H, J = 12.2 Hz, J = 10.0 Hz, H-6a or 
H-2a), 1.81-1.70 (m, 3H, H-4, H-3e and H-5e), 1.32 (m, 2H, H-3a and H-5a), 1.25 (d, 3H, J = 
6.5 Hz, CHj). 13 C NMR (CD3OD): 8 174.67 (C0 2 CH 3 ), 105.04 (C-l'), 74.86, 72.92, 72.25 
and 71.96 (C-2', C-3', C-4' and C-5'), 66.77 (OC H2 CH 2 N), 59.06 (OC H2 CH 2 N), 55.01 and 
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54.25 (C-2 and C-6), 51.97 (COOCH3), 41.49 <C-a>, 33.9, (C-4), 32.32 and 3^ (C-3 and C 
5), 16.78 (C.H3). MS (POS ESI): m/r 370 (M+Na)+, 348 (M + H)+. 
OM 4308: After purification „„ . „ ^ 

r„ 3 w :;t ^^^^ 

H), 3.73 (m , 2H ), 3.60 On, IH) , 3.42 (m , 3H), 3,9 (m , 2H >, 2.82 ft 2H, ,- 12 0 „ 2) 2 12 M 

>* - 6, h, „. a) , , 87 (m , 3H , H , e md , 5e)> , 43 (m 2h> h 3a MdH ^;^- 

3H 6.2 „, CH3) . ,3 C NMR (D20) : , ,82.45 ^a), ,03.62 ( C-„. 73.75, 72 7 5 7I „ 

ESI): mi 356 (M+H)+, 334 (M-Na+2H) + . 

OM 4493: After purification on . ^ ge , ^ ^ ^ ^ 
and 9:„, a w hi ,e compound „ ^ nmr 

^' ^ ^ = "*"^^' 4 ' 13 'H, ./ = 1 1.0 Hz, y => 5.4 Hz. 7= 3.8 Hz,H-,'), 3.9 2 - 3.1,6 ^m.' 
-~, 8 U,,,K 2 „ iw!yl ^3, ( o„,C fl3 ,3, W , H ,,.. 

7 « 2 " " ^ ^ H " 2e - H - 6 " NCH ^ - ^„ b) , 

1»<* >* - '33 H, ,- ,0.9 Hz, P h C„ aCHb ), 2 , 3 (m . ,„, H . a) , 2 , 0 ^ ^ „ 

T8orr„ c ^ c " ffi, - 2 - 36<dd - ,H -^ ,4 ^^ 3 - 8H -^- c ^ 

20 : ^ ^ • 1M * * - • - * H-3a, H- 

= M * cH3> - ,3c nmr (cmod): 5 — «*» 

,29 79 ^ ,2 " 7 ^ ^ 74,9, 72.49 

™. 69.94 and 69.06 CC, C-Z, M and C-5, 65.22 55 02 „ . 



44 



BNSDOCID. <WO_9929705A2J_> 



W ° 99/29705 PCT/US98/25783 

(CD 3 OD),39.91 (CM), 36.85 (PhCH 2 ), 31.00 (CH 2 C=CH 2 ), 30.77 (C-3 and C-5), 16.52 (CH 3 ). 
MS (POS ESI): m/z 448 (M+H)+. 

GM 4494: After purification on a reversed phase octadecyl silica gel clot in a glass 
buchner funnel eluting with water, 10% methanol in water and 20% methanol in water, and 
5 lyophilization, a white amorphous solid was obtained. 1h NMR (D2O): 8 7.37 - 7.22 (m, 5H 
Ph), 5.17 (s, 2H, C=CH2), 4.20 (ddd, 1H, J - 9.0 Hz, J = 5.8 Hz, J= 2.8 Hz, H-l'), 4.04 , 3.95 
_ (m, 2H in pyranosyl ring), 3.82 - 3.79 (m, 2H in pyranosyl ring), 3,21 (dd, 1H, ./ = 13.6 Hz and y 
= 3.4 Hz), 3.10 - 2.93 (m, 4H), 2.65 (dd, 1H, J = 13.6 Hz, J = 11.1 Hz), 2.57 (d, 1H, J = 12.5 
Hz), 2.35 - 2.31 (m, 2H), 2.29 - 2.06 (m, 2H), 1.99 (d, 1H, 7= 12.6 Hz), 1.69 (d,lH, J = 13.6 
10 Hz), 1.55 (m, 1H), 1.40 (m, 2H), 1.17 (d, 3H, J = 6.4 Hz, CH3). 13 C NMR (D 2 0): 8 184.22 
(C0 2 Na), 142.02 (C=CH 2 ), 141.41 (PhX 129.90 (Ph), 129.48 (Ph), 127.05 (Ph), 118.81 
(C=CH 2 ), 74.86, 72.73, 70.86, 68.88 and 68.17 (C-l\ C-2\ C-3', C-4' and C-5'), 63.20 
(NCH 2 C=CH 2 ), 58.12 (C-a), 54.80 and 53.88 (C-2 and C-6), 38.70 (C-4), 36.99 (PhCH 2 ), 30.28 
(CH 2 C=CH 2 ), 29 .85 and 29 .60 (C-3 and C-5), 16.53 (CH 3 ). MS (POS ESI): m/z 434 (M- 
15 Na+2H) + . 

GM 4495: After purification on a silica gel column eluting with CHCl 3 -MeOH (95:5 and 
9:1), a white solid compound was obtained. «H NMR (CD3OD): 5 7.25 - 7.1 1 (m, 5H, Ph), 5.03 
(s, 2H, C=CH2), 4.10 (ddd, 1H, J= 1 1.4 Hz, J= 6.7 Hz, y = 2.3 Hz, H-l'), 3.94 - 3.62 (m, 5H, H- 
2\ H-3', H-4', H-6'a and H-6'b), 3.54 (m, 1H, H-5'), 3.52 (s, 3H, COOC3), 3.04 - 2.90 (m, 5H), 
2.77 (dd, 1H, J = 13.3 Hz, J = 10.9 Hz, PhCfe), 2 .58 - 2.49 (m, 2H), 2.34 (dd, 1H,J= ,4.6 Hz 
and J = 5.7 Hz), 1.92 - 1.83 (m,3H), 1.60 - 1.56 (m, 2H), 1.47 - 1.38 (m, 2H). 13 C NMR 
(D 2 0): 8 176.76 (C0 2 CH 3 ), 144.23 (C=CH 2 ), 140.88 (Ph), 129.81 (Ph), 129.38 (Ph), 127.33 
(Ph), 116.28 (C=CH 2 ), 77.44, 75.99, 72.67, 72.62 and 69.22 (C-l', C-2', C-3', C-4' and C-5'), 
64.96 (NCH 2 C=CH 2 ), 62.94 (C-6-), 55.00 (C-a), 54.86 and 54.77 (C-2 and C-6), 51.69 
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(CO2CH3), 49.87, 49.59, 49.30, 49.02, 48.74, 48.45 and 48.17 (CD 3 ODX 39.86 (CM). 36.85 
(PhCHj), 34.7! (CH20CH2), 30.97 and 30.74 (C-3 and C-5). MS (PCS ESI): rt 464 
(M+H) + . 

GM 4496: After purification on a reversed phase octadecyl silica gel clo, in a glass 
5 buchner runnel eluting whn water, !0% methanol in „a,er and 20% methanol in water, and 
lyophilization, a white amorphous solid was obtained. >H NMR (D 2 0) : 5 7.37 - 7.22 (m, 5H, 
£ ^ 5 - 2 ' (S - 1H - C-CHaHb), 5.20 (s, 1H, C-CHaHb), 4.15 (ddd, lH,J-9.8Hz,-y»3?jfe,y.' 
0.1 Hz, „-,,, 3.93 - 3.59 (m, 6H, H-2', H-3', H-*. H*. H-ffa, H-tfb), 3^5 (d, 1H, J - ,3 7 Hz, 
NCWCHA 3.14 - 3.09 (m, 3H, H-2e, H-6e, NCHaH D C=CH2), 2.96 (dd, 1H, J - 13 4 Hz. 
10 J- 4.1 Hz, PhCHaHb), 2.65 (dd, m,J- ,3.4 Hz,,- „.4 Hz, PhCHaHb), 2.57 (d, !H, J= 9 9 
Hz), 2.39 - 2.15 (m, 4H), 2.01 (d, 1H, J- ,3.2 Hz), ,.7, ( d ,,H, J = ,2.6 Hz), ..58 (m, ,H), ,.42 
(m, 2H). 13c NMR (D2O): 5 184.,5 (QOjNa), ,4,.98 <f>CH 2 ), ,40.21 (Ph), 129.89 (Ph) 
129.48 (Ph), ,27.06 (Ph). M9.5, (C-£H 2 ), 77.15. 75.01, 72.00, 71.59 and 68.32 (or. C-2'. C- 
3". C-T and C-5% 63.03 (N£H2C-CH 2 ). 62.1 . (C-6'), 58.05 (C-a), 54.49 and 54.01 (C-2 and C 
« 6), 38.53 (C-4), 36.94 (Ph£H2), 34.0, (CHjC-CHj), 30.07 and 29.44 (C-3 and C-5). MS (Neg 
ESI): m/z 448 (M-Na)~. 

GM 4507: After purification on a silica gel of column eluting with CHCl 3 -MeOH (95:5 
and 9:1), a white solid compound was obtained. 1 H NMR (CD3OD): 5 4.99 (s, 2H, C=CH2), 

4.1 1 (ddd, IH, 7= 10.8 Hz, J= 5.4 Hz, J = 3.9 Hz,H-D 3 91 3 Rfi f m ou ■ ' , 

nAn 1 >> Jyi " 3 86 (m, 2H in pyranosyl ring), 

3.70 - 3.65 (m, 2H in pvnmosyl ring), 3.67 (s. 3H, CH3), 2.99 (dd, ,H, / - 13 2 Hz, 

NCHaH b C-CH 2 ). 2.94 (m ,2H,H-2a,H.6a), 2.86 (d,,H,y- ,3.2 H^NCHaH b C^H 2 ) 249 
Cdd, mj = 14.9 Hz, J - ,0.9 Hz, CHaH b -C^H2), 2.34 (dd, ,H. J - ,4.9 Hz, J = 3 9 Hz, 
CHaflb-C^), 2.1 1 (m, 2H, H-2b. H-6b), ,.82 (m.JH, H-3a, H-5a). ,.6, (n, 5H), ,.33 - ,.13 
On, ,1H). .3 C NMR (CDjOD): 5 177.73 (CO2CH3). ,45.00 ^ , 15 . 79 (C , £H2) 
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74.91, 72.42, 72.24, 69.96 and 69.13 (C-l', C-2', C-3', C-4' and C-5'), 65.22 (NCH 2 C=CH 2 ), 
55.81 and 55.44 (C-2 and C-6), 51.82 (CH 3 ), 51.49 (C-a), 49.87, 49.58, 49.30, 49.02, 48.73, 
48.45 and 48. 17 (CD 3 OD), 46.60 (C-4), 32.79 (C-3 and C-5), 30.91 (CH 2 C=CH 2 ), 27.87, 26.98, 
24.86 (C in cyclohexanyl ring), 16.52 (CH 3 ). MS (POS ESI): m/z 426 (M+H)+. 

5 GM 4508: After purification on a silica gel column eluting with CHCl 3 -MeOH (9:1 and 

5: 1 ), a white solid product was obtained. 1 H NMR (CD3OD): 6 5.01 (s, 2H, C=CH2), 4.08 (ddd, 
_1H, J=9.1 Hz,J^5.7Hz, J=-2.5Hz,H-r),3.76-3.61 (m7"5H, H-2', H-3', H-4', H-6'a and H- 
6'b), 3.67 (s, 3H, CH3), 3.49 (m, 1H, H-5'), 3.00 - 2.88 (m, 4H, NCH2C=CH 2 , H-2a, H-6a), 2.52 
(dd, mj = 14.6 Hz, J = 9.1 Hz, CHaH b -C=CH 2 ), 2.33 (dd, 1H, J = 14.6 Hz, J. = 5.7 Hz, 

10 CHaH b -OCH 2 ), 2.1 1 ( m , 2H, H-2b, H-6b), 1.81 (m, 2H , H-3a, H-5a), 1.61 ( m , 5H), 1.33-1.17 
(m, 8H). 13 C NMR (CD3OD): 6 177.77 (C0 2 CH 3 ), 144.21 (C=CH 2 ), 1 16.29 (C=CH 2 ), 77.41, 
75.99, 72.69, 72.63 and 69.22 (C-1', C-2", CO', C-4' and C-5'), 65.00 (NCH 2 C=CH 2 ), 62.97 (C- 
6'), 55.75 and 55.46 (C-2 and C-6), 51.84 (CH 3 ), 51.51 (C-a), 49.88, 49.59, 49.30, 49.02, 48,74, 
48.45 and 48.17 (CD 3 OD), 46.63 (C-4), 34.68 (CH 2 C=CH 2 ), 32.78 (C-3 and C-5), 27.87, 26.98,' 

1 5 24.86 (C in cyclohexanyl ring). MS (POS ESI): m/e 442 (M+H) + . 

GM 3379: After purification on a silica gel column eluting with CHCl 3 -MeOH (95:5 
and 9:1), a white solid compound was obtained. 1h NMR (DMSO): 6 4.91 (s, 1H, C=CHaH b ), 
4.88 (s, 1H, C=C Ha H b ), 4.74 (d, 1H, J= 4.8 Hz, OHJ, 4.51 (d, 1H, 7= 4.9 Hz, OH), 4.30 (d, 1H, 
J= 5.1 Hz, OH), 4.05 (q, 2H , J= 7.1 Hz, COsQfcCH,), 3.91 (ddd, 1H, J = 1 1.0 Hz, J= 4.9 Hz, 
20 ^=3.0Hz,H-r),3.73 (dq, 1H, J= 6A Hz, J- 2.0 Hz, H-5'), 3.64 (m, 1H, H-2'), 3.49 (m, 2H, H- 
3' and H-4'), 2.88 (d, 1H, J = 13.2 Hz, NCHaH b C=CH 2 ), 2.78 (d, 2H, y- 13.2 Hz, 
NCHaH b C=CH2), 2.70 (m, 2H, H-2e and 6e), 2.36 (dd, 1H, j = M .7 Hz, J = 11.0 Hz, 
CikH b C=CH 2 ), 2 . 28 (m, 1H, H-4), 2.21 (dd, 1H, J = T4.7 Hz, 7= 3.0 Hz, CHaH b C=CH 2 ), 1.87 
(m, 2H, H-2a and H-6a), 1.77 (m, 2H, H-3e and H-5e), 1.56 (m, 2H, H-3a and H-5a), 1.17 (t, 3H, 
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J - 7.. Hz, C02CH2CH3), 1.05 (d, 3H, J = 6.4 Hz, CH3). .3 C ^ (CDC , 3) . , 0? 
(C0 2 CH 2 CH 3 ), M3.0, <C<„ a „„, (c ^„ 2) , 77 . 4I> ^ ^ ^ 

7.-5,, 7, 38, 68.66 and 67.36 (C-1-. C-2', C-3', C-4' and C-5',, 64.29 (COOCH2CH3) 60 37 
(NCH20CH2,, 52.83 and 52.77 ,C-2 and C-6), 40.8, (C-4), 30.59 ^C^,, 27.80 and 
5 27.75 (C-3 and C-5), ,6.28 (GH3), ,4.,5 (COOCH2C.H 3 >. MS (FAB): W 2 358 (M + H,+. 

OM 3403: After purification on a reversed phase octadecyl silica e e, clot in a glass 
. buchner ft,™, eluting with water, ,0% tnethano, in water, and .yophHizanonT a * 
amorphous so.id was obtained. 1„ NMR (D2 0): S 5.38 (s, ,H, C=CHaH b >, 5.34 ( s ,„ 

C =™.-. 8 (^, 1 „,^, 1 .7 [1 z,,,6.0Hz,,= , 2 „z,H-,,,4.02 ., 9 5 (m ,2Hin' 
pyranosvi ring), 3.82 . 3.77 (ra , 2H in pyra no sy , ring), 3.5, (dd, ,„, 

NCW-CH2), 3.43 (d, ,H, , - ,3.6 Hz, NCH^C^), 3.36 (m . 2„, „. 2 e 

2-74 (m , 2H, H-2a and „-6a), 2.63 (dd, ,H, J. ,5.3 Hz, J. , ,7 Hz, CrfcHoC^,, 2.37 (m' 

2H, H-4 and CHaH D C=CH 2 ). 2.03 (m, 2„, H-3e and H-5=), ,.80 ( m , 2„, H-3a and H-5a). ,.,5 

(d, 3H, J - 6.4 Hz, CH3). 13c NMR (DjO): S ,83.25 (C.02Na), 136.46 <C.=CH2) ,24 38 
" (C-CH2), 74.46, 72.54, 70.80, 68.68 and 68.4, (Or, C-2', C-3', C-4' and C-5') 6, 58 

CNCH20CH2), 53.57 and 52.9, (C -2 and C-6), 42.53 (C-4). 30.04 (C„ 2 C=C„ 2 ,, 27.33 (C-3 

and C-5), 16.47 (CH 3 ). MS (Neg FAB): 328 (M-Na)". 

GM 3456: After purification on a sHica ge, cotamn eluting with CHC,3-MeOH (9-1 a™, 

5:„, a white soiid compound was otained. .„ NMR (C D3 OD): 6 5.04 (s, ,H, C-CHaH D ). 5.02 
(,.H,C^ o ,, 4 , 4(dd41H ,, = 10 ,^ y=50fey _ 44 ^ Hi ^ ii(<i2H ^ 7i 

H, C02CH2CH3), 3.96 ( m , ,H, H-5,, 3.88 (dd, ,H, 5.0 Hz, „-2'>, 3.80 - 3 65 

C", 4H. H-3', H-4', H-6, and H-6'h), 3.03 (d, ,H, ,2.9 Hz, NC W-CH 2 ), 2.94 (d, 2H , 
- ■2.9H,NCH aHo C_ C H2), 2.88 (nt^H^e and 61), 2.50 (dd, IH.J- ,4.8Hz.y= ,02Hz, 
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CHaH b C=CH 2 ), 2.38 (dd, 1H, J- 14.8 Hz, J- 4.4 Hz, CHaH b C=CH 2 ), 2.30 (m, 1H, H-4), 2.00 
(m, 2H, H-2a and H-6a), 1.92 (m, 2H, H-3e and H-5e), 1.72 (m, 2H, H-3a and H-5a), 1.23 (t, 3H, 

J = 7.1 Hz, CO2CH2CH3). I3 C NMR (CD3OD): 8 176.78 (CO2CH2CH3), 144.76 (C=CH 2 ), 
H6.00 (C=CH 2 ), 74.61, 74.33, 71.91, 70.27 and 69.78 (C-l' C-2', C-3', C-4' and C-5"), 65.30 
5 (COOCH 2 CH3), 61.70 (C-6'), 61.50 (NCH 2 C=CH 2 ), 54.18 and 53.96 (C-2 and C-6), 49.86, 

49.58, 49.29, 49.01, 48.73, 48.44 and 48.16 (CD3OD), 42.23 (C-4), 31.25 (C_H 2 C=CH 2 ). 29.16 

(C-3 and C-5), 14.52 (COOCH2CH 3 ). MS (FAB): m/z 374 (M+H) + . 

GM 3457: After purification on a reversed phase octadecyl silica gel clot in a glass 
buchner funnel eluting with water and lyophilization, a white amorphous solid was obtained 1 H 

10 NMR (D 2 0): 8 5.50 (s, 1H, C=CHaH b ), 5.41 (s , 1H, C=CHaH b ), 4.24 (m, 1H, H-l"), 4.04 - 3.98 
(m, 2H in pyranosyi ring), 3.88 - 3.67 (m, 6H, 4H in pyranosyl ring, NCH2C=CH 2 ), 3.53 (m, 
2H, H-2e and H-6e), 2.99 (m, 2H, H-2a and H-6a), 2.62 (dd, 1H, J = 15.4 Hz, J = 1 1 .5 Hz! 
CH aHb C=CH 2 ) J 2.45 (m, 2H, H-4 and CHaH b C=CH 2 ), 2.10 (m, 2H, H-3e and H-5e), 1.87 (m, 
2H, H-3a and H-5a). 13 C NMR (D 2 0): 8 183.30 (£0 2 Na), 136.59 (C=CH 2 ), 124.27 (C=CH 2 ), 

15 74.59, 73.38, 70.61, 69.85 and 69.04 (C-1', C-2', C-3', C-4' and C-5'), 61.87 (C-6'), 61.79 
(NCH 2 C=CH 2 ), 53.58 and 53.03 (C-2 and C-6), 42.57 (C-4), 30.36 (CH 2 C=CH 2 ), 27.34 (C-3 
and C-5). MS (Neg FAB): m/z 344 (M-Na)". 

GM 4443: After purification on a silica gel column eluting with CHCl 3 -MeOH (9:1 and 
5:1), a white solid compound was obtained. 1h NMR (CD3OD): 8 5.01 (s, 2H, C=CH2), 4.1 1 
20 (m, 1H, H-l'), 4.1 1 ( q , 2H, J = 7.1 Hz, CC^CHs), 3.78 - 3.62 (m, 5H in pyranosyl ring), 
3.50 (m, 1H, H-5'), 3.00 (d, 1H, J = 13.2 Hz, NCp^), 2.93 (d, 2H, J = l 3 . 2 Hz, 
NCHaH b C=CH 2 ), 2.84 (m , 2H , H-2e and 6e), 2.55 (dd, 1H, J = 14.6 Hz, J = 9.1 Hz, 
CHaH b C=CH 2 ), 2.33 (dd, 1H, J = 14.6 Hz, J= 5.6 Ht^ao-CHA 2.30 (m, 1H, H-4), 1.98 
(m, 2H, H-2a and H-6a), 1.86 ( m> 2H, H-3e and H-5e), 1.72 (m, 2H, H-3a and H-5a), 1.23 (t, 3H, 



49 



BNSDOCID: <WO 9929705A2J_» 



WO 99/29705 

PCT/US98/25783 

•/ = 7. 1 Hz, C0 2 CH 2 CH3). "C NMR (CD3OD): 5 176 .85 cco^CH,, ,44.45 (C-CH,, 
"6.02 (C-CH 2 >, 77.60, 75.84, 72.69, 72.65 and 69.,6 (Cr, C-2', C-4' and «, 64 96 
(COOCHJCH3), 63.02 ( C-tf), 6,.5, (NC„ 2 C=CH 2) , 54,5 and 53.96 (C-2 and C-6) 49 90 
49.6,, 49.33, 49.05, 48.76, 48.48 and 48.20 (CD3OD), 4 2 .32 (C-4), 34.55 <CH 2 C-CH 2 ), 29 .30 
5 (C-3 and C-5), ,4.58 (COOCH2CH3). MS (POS ESI): «4 374 (M + H)+. 

GM 4444: Aner purificatio „ on . „ ^ ^ ^ ^ ^ ^ ^ 

buchnerfunne, « WingKi ^ Kr ^ lyophilization> . ^ ^ ^ ^ ^ -- 
NMR (D2 o,: 5 5.48 (s, ,„, c=C Ha H b ), 5.4, (s , ,H, CCH^), 4.09 (m , ,«, „-„, 4 .89 - 3.56 

(m, 8H, 6H m pyranosyl ring and NCH2C=CH 2 ) 3 52 fm 2H w ^ u ^ x ^ 

n 2>>, ->.:>^ (m, 2H, H-2e and H-6e), 2.98 (m, 2H, H- 

2a and H-6a>,,67 (dd, ,„,,=, 15 , Hz , , . 10 , Hz , ^ ^ ^ ^ ^ 

CHaH b C=CH 2 ). 2 .0, (m , 2H , „. 3e and H-5e), ,.85 (m , 2 „, „. 3a _ H . 5a , „ c NMR 
(D 2 0,: 5 ,83.00 (C^Na), ,35,5 (C.=CH2), ,25.23 (C^H,,, 76,0, 75,3, 7,.69, 7,.49 and 
«*, ,C,, C-2., W, C-4' and C-5,, 6,.9, (C,,, 6,.48 (NCH 2 C=CH 2 ), 53.4, and 53.0, <C-7 
- CO. 42.33 (04>, 34.04 (CH^CH,). 2 ,, 3 and 27.0, <C-3 and C-5, MS (Ne 6 ESI) . J 
15 344(M-Na)-. 

GM 3404: After punflcation on . „ p _ ^ ^ ^ ^ ^ ^ ^ 
bucnner eiuting ^ ^ J0% me(hano] ^ ^ ^ iyophnizatjon ^ ^ 

a>I,d was obained. 1 H NMR (CD 3 OD): 5 5 4 2 , s , H r-ru < 
5 0 2 ,m m u •,. c -CHaH b ), 5.36(s, 1H, C=CHaH b ), 

5.02 (m, ,„, H-2' or „. 3 . or h-4',, 5.00 - 4.8, (m> 2H, H-2' or HO- or H-4'), 4 38 (m 1H H 1', 
» «7C ,H, H . 5 , , 15 (q , m ^ coQcH2CH3) _ 3 h ^ ^™ 

(b, 2H, H-2e and H -6=), Z90 (b, 2H, H-2a and „.6a,, 2.8, - 2,4 <„,, 3H, H-4 and CH^C-CH,, 
2. .2 (m , 2H, H-3e and H-Je), ,.96 (m , 2H, H-3a and H-5a>, ,.37 (d, 3H, J- 6.8 Hz, CH 3) , 2S 

^'-'..H.oooom -3 CNMR(CD3t)D):81751I ^ 1385 

■22,0 <C=C„ 2) , 75 . 48 , 74 .96. 73.64, 70.60 and 68.68 (C-r, CZ. C-y, M and C . 5 , 63 55' 
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(NCH 2 C=CH 2 ), 61.98 (COOCH 2 CH 3 ), 53.14 and 52.93 (C-2 and C-6), 39.76 (C-4), 33.95 
(CH 2 C=CH 2 ), 26.85 (C-3 and C-5), 14.66 (CH 3 ), 14.45 (COOCH^Hs). MS (POS FAB): m/= 
664 (M+H) + . 

GM 3427: After purification on a reversed phase octadecyl silica gel clot in a glass 
5 buchner funnel eluting with water and lyophilization, a white amorphous solid was obtained. 1 H 
NMR (D 2 0): 5 5.54 (s, 1H, C=CHaH b ), 5.48(s, 1H, C=CHaH b ), 4.97 (dd, 1H, J = 6.0 Hz, J = 
3.4Hz,H-2'orH-3'or-H-4'),4.84(m^^ 1H, H-l'), 4.34 (m, TH. 

H-5'), 3.80 (d, 1H, J = 13.6 Hz, NCHaH b C=CH 2 ), 3.73 (d, 1H, J = 13.6 Hz, NCHaH b C=CH 2 ), 
3.66 (m, 2H, H-2e and H-6e), 2.99 (m, 2H, H-2a and H-6a), 2.54 (m, 3H, H-4 and CH2C=CH 2 ), 
10 2.19 (m, 2H, H-3e and H-5e), 1.85 (m, 2H, H-3a and H-5a), 1.38 (d, 3H, J = 6.8 Hz, CH3). 13 C 
NMR (D 2 0): 5 182.08 (C0 2 Na), 134.43 (C=CH 2 ), 124.58 (C=CH 2 ), 74.64, 74.05, 73.21, 69.87 
and 67.27 (C-l', C-2', C-3', C-4' and C-5'), 62.03 (NCH 2 C=CH 2 ), 53.32 and 52.72 (C-2 and C- 
6), 41.83 (C-4), 33.18 (CH 2 C=CH 2 ), 26.89 (C-3 and C-5), 13.92 (CH 3 ). MS (Neg FAB): m/z 
634 (M-Na)". 

15 GM 3405: After purification on a silica gel column eluting with CHCl3-MeOH (95:5 

and 9:1), a white solid compound was obtained which was a 1:1 mixture of two diastereoisomers. 
1H NMR (DMSO): 8 5.02 (s, 1H, C=CHaH b ), 4.98 (s, 1H, C=CHaH b ), 4.82 (bm, 1H, OH), 4.63 
(bm, 1H, OH), 4.41 (bm, 1H, OH), 4.18 (bm, 2H, C0 2 CH2CH 3 ), 4.04 (m, 1H, H-l'), 3.81 - 3.74 
(m, 2H in pyranosy ring), 3.63 (m, 2H in pyranosyl ring), 3.45 - 3.17 (m, 2H, NCH2C=CH 2 ), 

20 3.05 - 2.85 (m, 2H, H-2 and H-6e), 2.47 - 2.17 (m, 3H, H-6a and CH2C=CH 2 ), 1.81 (bm, 2H in 
piperidine ring), 1.55 (m, 4H in piperidine ring), 1.29 (bm, 3H, C0 2 CH 2 CH3), 1-16 (bm, 3H, 
CH3). 13 C NMR (DMSO): 8 172.78 and 172.72 (C0 2 CH 2 CH 3 ), 144.80 and 144.64 (C=CH 2 ), 
113.38 and 113.11 (C=CH 2 ), 72 .32, 71.83, 70.70, 70:24, 69.95, 68.42, 68.29, 67.62 and 67.36 
(C-I\ C-2', C-3', C-4' and C-5'), 63.36 and 62.36 (C-2), 61.24 and 60.85 (COOCH 2 CH 3 ), 59.70 
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and 59.56 (NCH2CCH2), 49.14 and 48.2! (C-6), 29.52 and 29.47 (CH2C-CH2). 28.85 and 
28.58 (C-3), 25.02 (C-5), 21.79 and 2..29 (C-4), ,«.,3 and 15.98 (CH3), ,4.20 and >4., 4 
(COOCH2CH3). MS(POSFAB): m/z 358<M+H)+. 

OM 3424: After purification „„ , reversed phase ocladecyl silica gel clot in a glass 
5 buchner funnel during with water and Ivophilization, a white amorphous solid was obtained 
which was a miMu re of two diastereoisomerc. 1 H NMR (D20): 8 5.49 (s, IH, C-CifcHb), 5 44 
IH, C^HaHb), 4.18 (m, IH, H-l'* 3.99 - 3.95 (m, 2H in pyranosyl ring), 3.82 - 3.78 (m 3H 
2H in pyranosy, ring and H-2), 3.63 - 3.49 (m, 3H, NCH2C-CH2, and H-6e). 2.90 (m ,H H- 
*X 2.62 (m, ,H, CW=CH 2 ). 2.45 (m> ,H, CHaH b C=CH 2 ), 2.,5 ( m , ,„ i„ piperidine 
"0 ring), 1.88- ,.50< m ,5H in piperidine ring), 1,, (nOHCHj). 1 3 C NMR (D 2 0): 6 , 74 89 and 
174.66 <C0 2 Na>, ,36.25 and .35.63 (C.-CH 2 >, ,25.38 and ,24.99 pfflj 76.09 73 62 
T2..3, 72.03, 70.23, 70.,9, 68.23, 68.19, 68.05 and 67.8. (C-r, C-2', C-3', «M- and C-5') 6. 00 
and 60.28 (C-2 and N£H 2 C-CH 2 ), 5 , .72 and 5..67(C-6), 29.68 and 29.33 (CH 2 C-CH 2 , 28 3. 
27.8, (C-3). 22.59 and 22.30 (C-5), 21.63 and 2..4. (C-4). I6..4 and ,5.93 (QH 3 ). MS 
15 (Neg FAB): m/z 328 (M-Na)". 

OM 3426: After purification on a reveled phase octadecy, silica gel clot in a glass 
buchner funne, Curing with waKr, .0% methane, in water and lyophilization, a white amorphous 
solid was obtained which was a mixture of two diastereoisomers. 1 H NMR (D 2 0): 8 5 36 (s 
IH, C=CHaH b ), 5.3KS, IH, C=CHaH b >, 4.99 (m, .H, H-2' or H-3' or H-4'), 4.80 - 4 75 (m 2H 
20 H-2' or H-3' or H^,, 4.43 (m. ,H, H-,'), 4.33 - 4.25 (m, 3H, H-5' and COOCH2CH3, 3 57 
3.23 (b, 4ft NCH20CH2 , H-2 and H-6e), 2.62 - 2.53 (m, 3H, H-«a and ClfcC-CHj), 2 06 
(bm, IH in pip^dine ring,, ,.77 - ..5, (m. 5H in piperidine ring), ,.38 - ,.28 (m, 6H, CH3 and 
COOCH2CH3). ,3 C NMR (D2O): 5 , 74.00 (COjEt), ,39.59 (C.-CH 2 ), ,22.50 (C-C.H2) 
75.45, 75.25, 74.75, 74.66, 72.69, 70.63 and 67.37 (C-,', C-2', C-3', C-4' and C-5'), 66.66 and 
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65.85 (C-2), 63.69 (COOCH 2 CH 3 ), 62.3! and 61.94 (NCH 2 OCH 2 >, 52.4.(0-6), 34.65 and 
34.27 (CH 2 C-CH 2 ), 28.78 and 28.64 (C-3), 23.73 and 23.63 (C5), 22.22 (C^.), 14.31 and 14.26 
<EH 3 ), 14.09 and 13.92 (COOCH2CH 3 ). MS (Neg FAB): m/z 640 (M-Na)-. 

OM 3443: After purification on a silica gel column eluting with CHCl 3 -MeOH (95:5 
5 and 9: 1 ), a white solid compound was obtained which was a 1 : 1 mixture of two diastereoisomers 
'H NMR (DMSO): 6 4.9, (s, ,ft OQfcHb), 4.87 (s, ,H, C-CHaffi,), 4.73 (d, 1H, J - 4.5 Hz, 
Om4,51.(d, IH,^- 4.9 Hz, OH), 4.31 (d, ■«,-,- 4.9 H^Offir^ahdTO (,, 2H r-~7T~ 
H & CO 2 CH2CH 3 ),3.90(m, .H, H-r), 3.72 (m, .H, H-5,.3.63 <m, ,H,H-T),3.5, (m,2H H-3' 
and H-*>, 2.92 - 2.76 (m, 2H, NCH2C-CH2), 2.69 < m , 1H, H-2e), 2.52 - 2.31(m, 3H, H-6e and 

>0 C ^=CH2).2.20.2.,0( m , 2 H,H-2aandH^)),I.9 8 (m,lH,H-31.1.74( m ,,H,H-4e) .72 
On, IH, H-5e), 1.4. (m , 2H, H -4a and H-5a), ..16 ft 3H, J = 7.1 Hz. CO2CH2CH3), 1.06 (d, 

3H, J = 6.6 Hz, cm- 13 C NMR (DMSO): 5 . 73.47 (C02CH 2 CH 3 ), .44.96 and 144.86 
CC-CH2), H3.52 and 1,3.38 (C=C.H 2 ), 72.83, 72.62, 70.72, 70.37, 70.30, 68.41, 68.37 and 
67.50 (Cr, C-2'. C-3', C-4' and C-S'X 63.78 (COOC„ 2 CH 3 ), 59.93 (NCH2C-CH 2 ), 55. 22 and 
15 55.04 (C-2). 53.72 and 53.53 (C-6). 4,.,0 (C-3). 29.57 and 29.34 (C.H 2 C=CH 2 ), 26.45 (C-4). 
23.98 (C5), 16.23 (C.H3), ,4.21 (COOCH2C.H3). MS (POS FAB): ™/ 2 358 (M + H)+. 

GM 3445: After puriflcation on a reversed phase octadecyl silica gel clo, in a glass 
buchner funnel eluung with water and lyophilization, a white amorphous solid was obtained 1 H 
NMR (D 2 0): . 5.37 (s, ,H, C^Hb). 5.35 (s, ,H, OCHW *., (m , 1H . „.,•, 3.89 ( m 
20 2H m pyra„osy,rin g >, 3.82 - 3.72 (m, 2H, 2H in pyranosy, ring), 3.58 (n, 2* NCH2C-CH2) 
3.04 (m, 4H, H-2 and H-6), 2.57 (m, 2H, CH2C-CH2), 2.34 (m, 1H, H-3), ,.8, (n, 4H, H-4 and 
H-5). ,.09 (». 3H, CH3). 13 C NMR (D20): o ,81.09 (C^Na). ,36.65 (£>CH 2 ) ,23 49 
(C-CH2). 74.22. 72.,6, 70.94, 68.93, and 68.69 (C-r, C-X, C-?, c* and C-*) 62 ,4 
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OW-CH,), 55.34 and 54. 2 7(C2 and C-6), 42.42 (C-3), 30.34 (£ H2 C.CH 2 ), 26.55 (C-4), 
22.48 (C-5), 16.32 (CH 3 ). MS (Neg FAB): m/z 328 (M-Na)". 

GM 358* >H NMR (CDC1 3 ): 8 5.50 (s, ,H, H-a). 3.54 <s,3H, COOCH3), 2.83 - 2.77 
(m. 6H in Uridine ring) , 2 ., , (m _ m m ^ ^ ^ 

> (EOOCH3), ,60,4 CC-4), 1,3.06 (Ca). 77.43, 77.0, and 76.58 (C.DCI3), 50.53 (COOCH 3 ) 
48.23 and 47.50 (C-2 and C-6), 38.35 and 31.30 (C-3 and C-5). MS (POS FAB): m/z ,56 
(M+HJ + . ~ " ' . 



15 



20 



GM 3590: After purification on a silica gel colon™ eluting with CHCI 3 -MeOH (95:5 
and 9:,), a white solid compound was obtained. 1 H NMR (CD3OD): 8 5.66 ( s , ,H H-a) 5 01 
ft. 1H. C=CHaH b) , 5.00 (s, ,H, C-CH^), 4 .16 (m, ,H. H-l'), 3.90 (m, 2H in pyranosy, ring) 
3.68 (m, 2H in pyranosyl ring), 3.65 (s, 3H, COOCH3), 3.04 (d, ,H, J = 132 Hz, 
NCHaHbC=CH2), 2.98 - 2.90 ( m , 3H, H-2a, H-6a, NCH^CHj), 2.58 - 2.38 ( m , 8H, H-2b 
H^b, H-3a, H-3b, H-5a, H-5b, and C^CHa 1,8 (d, 3 W . ( . S Hz, CH3). ,3 C ^ 
(CD3OD): 8 ,68.43 (CC2CH3), ,61.37 (C-4), ,45.49 (^2), ,15.33 (C^), „4.4 2 (C-a) 
75..0, 72.58, T2..7, 69.90 and 68.96 ,C,, C-2', C-3', C-4' and C-5,, 64.37 (NC^C-CH* 
55.90 and 55.28 (C-2 and C-6), 5,.38 (COO £ H 3 ), 37.47 and 30.56 (C-3 and C-5), 30.27 
(£H 2 C=CH2), 16.57 (£H 3 ). MS (POS FAB): m/z 356 (M + H)+. 

GM 359,: After punflcaUon on a reversed phase octadecyl silica ge, do, in a gtass 
buchner funne, eluung win, water, ,0% methanol in water, and lyophilization, a white 
amorphous soUd was ^ , H ^ ^0^30^3 fc ^ ^ ^ ($ ^ 
CK^Hb), 5.29 ( S , C-CHaHb), 4.1, (m, IH , «-,•), 3.90 (m, 2H in pyranosy, ring) 3 7, 
On, 2H in pyranosy, ring), 3.57 (d, ^ J, ,3.2 Hz. NCK^C-Oft). 3.4, (d, ,H,y- ,3 2 Hz, 
NCHaHbC=CH2), 3,0 - 2.8, (m, 6H, H-2a, H- 2b , „-6a, H-6b, and CJfcC-CH.) 2 6, - 2 31 
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(m, 4H, H-3a, H-3b, H-5a, H-5b), 1.08 (d, 3H, J = 6.5 Hz, CH3). 13 C NMR 
(D 2 0+CD 3 OD): 8 176.09 (C0 2 Na), 142.43 (C-4), 137.63 (C=CH 2 ), 123.99 (C=CH 2 ), 123.29 
(C-a), 74.38, 72.45, 71.00, 68.87 and 68.55 (C-l\ C-2\ C-3\ C-4 1 and C-5'), 61.77 
(NCH 2 C=CH 2 ), 54.51 and 54.14 (C-2 and C-6), 33.24 (C-3 or C-5), 30.22 (CH 2 C=CH 2 ), 27 . 46 
5 (C-5 or C-3), 1 6.47 (CH3). MS (Neg FAB): m/z 340 (M-Na)". 

GM 3508: After purification on a silica gel column eluting with CHCl3-MeOH (95:5 
and 9:1), a white solid compound was obtained. 1 H NMR (DMSO): 8 6.84 (dt, 1H, J = 15~4 Hz, 
J- 7.6 Hz,y = 7.6 Hz, H-b), 5.85 (d, 1H, J = 15.4 Hz, H-a), 4.90 (s, 1H, C=CHaH b ), 4.86 (s, 1H, 
C=CHaH b ), 4.77 (bs, 1H, OH), 4.52 (d, 1H, J = 4.8 Hz, OH), 4.32 (d, 1H, J = 5.0 Hz, OH), 4.09 
10 (q,2H,J=7.1 Hz, COOCH 2 CH 3 ), 3.91 (ddd, lH,y = 10.9 Hz, J = 5.0 Hz, J= 2.7 Hz, H-l'), 
3.72 (m, 1H, H-5'), 3.63 (dd, 1H, J = 7.8 Hz, J= 5.0 Hz, H-2% 3.48 (m, 2H, H-3' and H-4'), 2.87 
(d, 1H, J = 12.8 Hz, NCH a H b C=CH 2 ), 2.77 (d, 1H, J= 12.8 Hz, NCH a H b C=CH 2 ) > 2.75 (m, 2H, 
H-2e and H-6e), 2.35 (dd, 1H, 7= 14.9 Hz, J= 10.9 Hz, CH a H b C=CH 2 ), 2.17 (dd, 1H, J= 14.9 
Hz, J = 2.7 Hz, CHaH b C=CH 2 ), 2. 12 (dd, 2H, J = 7.6 Hz, J = 6.7 Hz, H-c), 1 .77 (m, 2H, H-2a 
15 and H-6a), 1.57 (m, 2H, H-3e and H-5 e)> 1.38 (m, 1H, H-4), 1.19 (t, 3H, J = 7.1 Hz, 
COOCH2CH3), 1.14 (m, 2H, H-3a and H-5a), 1.05 (d, 3H, J = 6.5 Hz, CH 3 ). 13 C NMR 
(DMSO): 8 165.68 (C0 2 CH 3 ), 147.91 (C-b), 145.00 (C=CH 2 ), 122.30 (C-a), 1 13.30(C=CH 2 ), 
72.51, 70.76, 70.21, 68.43 and 67.58 (C-l', C-2', C-3', C-4' and C-5'), 63.97 (NCH 2 C=CH 2 ), 
59.84 (COOCH 2 CH 3 ), 53.54 and 53. 2 5 (C-2 and C-6), 38.74 (C-c), 34.91 (C-4), 31.87 
20 (CH 2 C=CH 2 ), 29.63 (C-3 and C-5), 16.57 (CH 3 ), 14. 2 7 (COOC H2 CH 3 ). MS (POS FAB): m/z 
398 (M+H) + . 

GM 3509: After purification on a reversed phase octadecyl silica gel clot in a glass 
buchner funnel eluting with water, 10% methanol in water, and lyophilization, a white 
amorphous solid was obtained. lH NMR (D 2 0): 8 6.52 (dt, 1H, J = 15.5 Hz, J= 7.4 Hz, J= 7.4 
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Hz, H-b), 5.80 (d, IH,./- ,5.5 Hz, H-a), 5.40 (s, IH, C=CHaH b ), 5.35 (s, IH, C=CHaHb), 4.14 
(m, IH, H-1',, 3.99 - 3.90 (m, 2H in pyranosvl ring), 3 . 78 . 3 .71 (m, 2H in pyranosyl ring), 3.66 
(d. IH, J = 13.7 Hz, NCHaH b C-CH 2 >, 3.51 (d, 1H.J- ,3.7 Hz, NCHaHbC=CH2), 3.43 (m, 2H. 
H-2e and H-6e), 2.8, (m , 2H, H-2a and H-6a), 2.60 (dd, ,H, J = 15.3 Hz, J - 12 , Hz. 
5 CHaHbC-C^), 2.34 (bd, , H , , - ,3.6 Hz, CHaH b C=CH 2 ), 2.,4 (dd, 2H,J - 7.4 Hz, J = 6 3 
H^H-cX 1.89( m ,2H,H-3eandH-5e), ,.7, (m, IH, H-4), 1.42 (m, 2H, H-3a and H-5a), 1.11 (d . 
3H, J - 6.4 Hz, CH3). 13 C NMR (D 2 0): 5 176.56 (COjNa), 143.30 (Cb), 137.21 <£>CH 2 ) 
.29.24 (C-a), 123.48 (C=CH2), 74.48, 72.54, 70.80, 68.70 and 68.37 (C-r, C-2', C-3', C-7a„d " 
C-5 % 6..70 (NCH2C-CH2). 54.13 and 53.37 (C-2 and C-6), 38.25 (C-c>, 33.8, (C-4), 30.12 
10 (£H 2 C=CH2), 29.79 (C5 and C-3), 1 6.48 (CH 3 ). MS (Neg FAB): m/z 368 (M-Na)". 

GM 4454: After purification on a reversed phase octadecyl silica gel Co. in a glass 
buchner tonel elating with wat er, , 0% methanol in wa.er, and l y ophiliza,io„, a 
amorphous solid was obiained. 1 H NMR (D 2 0): 8 6.54 (dl, ,H, y = ,5.6 Hz, J - 7.4 Hz, J - 7 4 
HA H-b), 5.8, (d, ,H.y- ,5.6 Hz, H-a), 5.40 (s, ,H, C-CHaH b >, 5.32 (s, ,H, C=CHaBb), 4.2, 
15 (m, ,H, H-r,, 4.01 - 3.96 (m, 2H in pysnosy, ring), 3.84 (n,, ,H in pyranosy, ring), 3.77 (dd 

iay-9. 8 Hz, J -3.3Hz,H-3'),3.67(d,2H,J.6.1Hz,H-6'aandH.6'b),3.62( d IH J= 134 
Hz, NCHaHbCCHj), 3.52 (d, ,H,J- ,3.2 Hz, NCH aH bC-CH2). 3.40 (m, 2H, H-2e and H- 
«.). 2.74 (m, 2H, H-2a and H-6a), 2.58 (dd, ,H, J. ,5.3 Hz, J- „., Hz, CHaH b C-CH 2 ), 2 39 
(bd. ,H, ,. 13.2 Hz, CHaH b C=C„ 2 ), 2.15 (dd, 2H, 7.4 Hz, y - 6.3 Hz, H-c), 1.88 ( m , 2H. 
20 H-3. and H-5e), ,.70 On, ,H, »4), 1.42 (m, 2H, H-3a and H-5a). 13 C NMR (D 2 0): « ,76 63 
(QOzNa), ,43.34 (C-b), 137.25 (C-CH2). 129.20 (C-a), ,23.5. (C-CH 2 ), 74.55, 73.34, 70 61 
69.84 and 69.05 (Cr, C-2', C-3', 04- a., C-5'), 6,.84 (C-6' ^ N £ „ 2 C-CH2), 54.14 and 
53.49 (C-2 and C6X 38.24 (C-c), 33.80 (C-4), 30..2 (CH2C-CH2), 29.79 (C-5 ar>d C-3). MS 
(Neg ESI): m/z 384 (M-Na)". 
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GM 4455: After purification on a reversed phase octadecyl silica gel clot in a glass 
buchner runnel eluting with water, 10% methanol in water, and lyophilization, a white 
amorphous solid was obtained. J H NMR (D 2 0): 8 6.54 (dt, IH;J= 15.8 Hz, J- 7.2 Hz,J= 7.2 
Hz, H-b), 5.80 (d, 1H, J = 15.8 Hz, H-a), 5.33 (s, 1H, C=CHaH b ), 5.28 (s, 1H, OCHaHb), 4.08 
5 (m, 1H,H-1'), 3.87- 3.54 (m, 6H in pyranosyl ring), 3.50 (d, IH,J= 13.7 Hz, NCHaH b C=CH 2 ), 
3.41 (d, 1H, J = 13.2 Hz, NCHaH b C=CH 2 ), 3.30 (m, 2H, H-2e and H-6e), 2.65 - 2.48 (m, 3H, H- 
2a, H-6a and CHaH b C=CH 2 ), 2.39 (dd, 1H, J= 15.4 Hz, J= 4.8 Hz, CHaH b C=CH 2 ), 2.14 (dd, 
2H, J = 7.2 Hz, J = 6.5 Hz, H-c), 1.84 (m, 2H, H-3e and H-5e), 1.66 (m, 1H, H-4), 1.38 (m ? 2H, 
H-3a and H-5a). 13 C NMR (D 2 0): 8 176.65 (C0 2 Na), 143.59 (C-b), 137.53 (C=CH 2 ), 129.08 
10 (C-a), 122.63 (C=CH 2 ), 76.76, 75.31, 71.81, 71.52 and 68.37 (C-l 1 , C-2', C-3', C-4 1 and C-5'), 
62.11 (NCH 2 C=CH 2 ), 61.98 (C-6 1 ), 54.10 and 53.66 (C-2 and C-6), 38.42 (C-c), 34.13 (C-4), 
34.04 (CH 2 C=CH 2 ), 30.1 1 (C-5 and C-3). MS (Neg ESI): m/z 384 (M-Na)". 

Additional compounds prepared according to these teachings are shown in Tables A-C. 
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Example 4 

Sulfated N-acylated Heterocycles 

A procedure for selective sulfation of the hydroxy group on the pyridine ring of an 
N-allyl-C-glycoyl piperidine is shown in Scheme 4 below. 



OH 
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OAc 



OAc 



CI Cs 2 C03.Nal 
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OH 
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S03 



OSQjH 
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The reaction shown in Scheme 4 



The acetylated C-a-L-fucopyranosyl allylchloride (2, 3.46 g, 9.52 



was performed according to the following procedure. 



10 dissolved in dry DMF (20 mL). To the solution 



mmole, 1.05 mmole equiv.), Nal (713.5 mg, 4.76 mmole, 0.5 mmole 



mmole, 1 mmole equiv.) was 
were added 4-hydroxypi P eridine (1, 1.01 g, 10.0 



g, 9.52 mmole, 1 mmole equiv.). The mixture 



equiv.), and CS2CO3 (3.10 
was stirred at room temperature overnight (16 hrs) 
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under nitrogen Moon protection. Then the mixture was poured into water and chloroform was 
used ,o extract the product until TLC showed no product in the aqueous layer. The combined 
extracts were dried over Na 2 S0 4 , filtered and evaporated. The condensed residue was loaded on 
a silica gel column, eluting with CHCl 3 -MeOH (95:5). A Ught yellow syrupy compound (3, 
5 3.74 g, 92% yield) was obtained. 

The AT-allyl-C-a-L-tucosyl 4-hydroxypiperidine compound (3, 2.36 g, 5.52 mmole, 1 
disso.ved in dry pyridine (M mL). To the solution was added i^^Bir 
pyridine complex (,.76 g> I ,.04 mmole, 2 mmole equiv.) and the mixture was stirred a, room 
temperature overnight (16 hrs) under nitrogen balloon protection. The TLC showed the complete 
10 dtsappearance of starting material. To the mixture was added methanol (25 mL) to destroy any 
excess sulfur trioxide pyridine complex. The solution was stirred a. room temperature fo, 15 
rmnutes and men all of the solvent was evaporated. The mixture was under high vacuum dry for 
3 hrs and then dissolved in water (2 mL). The water mixture was loaded on a reversed phase 
octadecy, silica gel cio. in a glass buchner funnel and e.uted with water, 10% methanol in water 
15 and 20% metool in water to obtain the sulfated intermediate 4. After evaporation of methanol 
and lyophilization, a white amorphous solid 4 was obtained. The sulfated intermediate 4 was 
dtssolved in dry methanol (50 mL). To the solution was added 1.5 equivalent of NaOMe in 
methanol (0.5 M) and the mixture was stirred a, room temperature for 10 minutes. TLC showed 
complete deacetylation. After evaporating all of the solvent, the residue was redissolved in water 
20 (1 mL). The solution was loaded o„ a reversed phase ocadecyl silica ge, clo, in a glass buchner 
funnel and eluted with water, 10% methanol in water. The firs, three fractions (25 mL x 3) were 
discarded, because these fractions contain*, the inorganic sodium salts. After evaporation of 
methanol and lyophilization, a white amorphous solid 5 was obtained, 1.85 g, 83% yield. 

Tne compounds of Figure 9 were synmesized using the techniques described herein and 
25 'h^erizationdauforeachofthesecompoundsisprovidedbelow. 
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GM 3459: After purification on a reversed phase octadecyl silica gel clot in a glass 
buchner funnel eluting with water, 10% methanol in water and lyophilization, a white amorphous 
solid was obtained. 1 H NMR (D 2 0): 6 5.24 (s, 1H, C=CH a H b ), 5.23 (s, 1H, C=C Ha Hb), 4.55 
(m, 1H, H-4), 4.17 (m, 1H, H-l'), 3.99 (m, 2H in pyranosyl ring), 3.80 (m, 2H in pyranosyl ring) 
5 3.37 (d. 1H, J = 13.3 Hz, NCHaH b C=CH 2 ), 3.18 (d, 1H, J = 13.3 Hz, NCHaH b C=CH 2 ), 2.93 
(m, 2H. H2a and H-6a), 2.73 (m, 2H, H-2b and H-6b), 2.58 (dd, J = 15.0 Hz, J = 12.0 Hz, 
CH a H b C=CH 2 ), 2.34 (bd, J= 13.9 Hz, CHaH b C=CH 2 ), 2.04 (m, 2H, H-3a and H-5a), L95 (m. 
2H.-jH.3b and H-5b), 1.14 (d, 3H , J =~6.5 Hz, CH3). 13 C NMR (D 2 0): 5 140.34 (C=CH 2 ). 
1 19.99 (C=CH 2 ), 75.4 2 (C-4), 74.79, 7 2 .70, 70.83, 68.85 and 68.23 (C-l', C-2', C-3', C-4' and C- 
10 5'), 62.56 (NCH 2 C=CH 2 ), 50.49 (C- 2 and C-6), 30.56 (CH 2 C=CH 2) , 29.87 (C-3 and C-5), 
16.51 (CH 3 ). MS (Neg FAB): m/z 402 (M-H)", 380 (M-Na)". 

GM 3991: After purification on a reversed phase octadecyl silica gel clot in a glass 
buchner funnel eluting with water, 10% methanol in water and lyophilization, a white amorphous 
solid was obtained. 1 H NMR (D 2 0): 5 5.37 (s, 1H, C^CH^), 5.31 (s, 1H, C=C Ha H b ), 4.59 

15 (m, 1H, H-4), 4.00 (t, 1H, J= 5.9 Hz, H in pyranosyl ring), 3.94 (dt, J= 7.9 Hz, J = 7.9 Hz, 7 = 
3.9 Hz, H-1-), 3.86 (m, 2H in pyranosyl ring), 3.61 (t, 1H, J = 6.2 Hz, H in pyranosyl ring), 3.50 
(s, 2H, NCH2C=CH 2 ), 3.10 (m, 2H, H2a and H-6a), 3.00 (m, 2H, H-2b and H-6b), 2.53 (dd, J = 
15-3 Hz, J = 4.0 Hz, CHaH b C=CH 2 ), 2 .39 (dd, J = 15.3 Hz, y- 7.9 Hz, CHaH b C=CH 2 ), 2.05 
(m, 4H, H-3 and H-5), 1.18 (d, 3H, J = 6.5 Hz, CH3). B C NMR (D 2 0): 6 137.71 (C=CH 2) , 

20 1 22 .80 (C=CH 2 ), 86.73, 81.22, 81.11, 78.48 and 68.43 (C-l', C-2', C-3', C-4' and C-5'), 73.49 
(C-4), 63.02 (NCH 2 C=CH 2 ), 50^0 and 49.96 (C- 2 and C-6), 38.38 (CH 2 C=CH 2 ), 29 .59 (C-3 
and C-5), 19.00 (CH 3 ). MS (POS ESI): m/z 404 (M+H)+. 

GM 3993: After purification on a reversed phase octadecyl silica gel clot in a glass 
buchner funnel eluting with water and lyophilization, a white amorphous solid was obtained. 1 H 
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10 



15 



20 



NMR (D 2 0): 5 5.46 (s, 1H, C=CHaH b ), 5.38 (s, 1H, C=CHaH b ), 4.65 (m, 1H, H-4), 4.23 (ddd, 
1H, J= 1 1.1 Hz, J = 5.7 Hz, J = 2.8 Hz, H-l'), 4.00 (dd, 1H, J= 9.7 Hz, J = 5.7 Hz, H-2'), 3.97 
(dd, 1 H, J = 3.3 Hz, J = 1 .9 Hz, H-4 1 ), 3.86 (dt, 1H, J= 6.5 Hz, J= 6.5 Hz, J = 1 .9 Hz, H-5 1 ), 
3.79 (dd, 1H, J =-9.7 Hz, J = 3.3 Hz, H-3'), 3.72 (d, 1H, J = 13.5 Hz, NCHaH b C=CH 2 ), 3.69 (d, 
2H, J = 6.5 Hz, H-6'a and H-6'b), 3.63 (d, 1H, J= 13.5 Hz, NCHaH b C=CH 2 ), 3.23 (m, 4H, H-2 
and H-6), 2.61 (dd,J= 15.4 Hz, J= 1 1 . 1 Hz, CHaH b C=CH 2 ), 2.43 (dd,y= 15.4 Hz, J= 2.8 Hz, 
CHaHbC=CH 2 ), 2.12 (m, 4H, H-3 and H-5). 13c NMR (D 2 0): 6 136.71 (C=CH 2 ), 124.27 
(C=CH 2 ), 72.50 (C-4), 74.60, 73.37, 70.59, 69.84 and 69.03 (C-l', C-2', C-3', C-4' and C-5'), 
61.88 (C-6 1 ), 61.76 (NCH 2 C=CH 2 ), 49.92 and 49.68 (C-2 and C-6), 30.31 (CH 2 C=CH 2 ), 29.14 
(C-3 and C-5). MS (POS ESI): m/z 420 (M+H) + . 

GM 4143: After purification on a reversed phase octadecyl silica gel clot in a glass 
buchner funnel eluting with water and lyophilization, a white amorphous solid was obtained. 1h 
NMR (D 2 0): 5 5.24 (s, 1H, C=CHaH b ), 5.20 (s, 1H, C=C Ha H b ), 4.53 (m, 1H, H-4), 4.15 (t, 1H, 
J = 6.2 Hz, H-4% 3.98 (ddd, 1H, J = 12.7 Hz^ J = 7.7 Hz, J = 4.9 Hz, H-l'), 3.90 (dd, 1H, J = 
12.7 Hz, J= 6.8 Hz, H-2'), 3.79 (m, 2H in pyranosyl ring), 3.63 (m, 2H in pyranosyl ring), 3.22 
(s, 2H, NCH2C=CH 2 ), 2.88 (m, 2H, H-2a and H-62), 2.64 (m, 2H, H-2b and H-6b), 2.48 (dd, J = 
15.4 Hz, J= 4.9 Hz, CHaH b C=CH 2 ), 2.37 (dd, J= 15.4 Hz, J = 7.7 Hz, CHaH b C=CH 2 ), 2.03 
(m, 2H, H-3a and H-5b), 1.91 (m, 2H, H-3b and H-5b). 13 C NMR (D 2 0): 6 139.99 (C=CH 2 ), 
1 19.82 (C=CH 2 ), 75.44 (C-4), 82.39, 81.57, 80.93, 77.90 and 72.13 (C-l 1 , C-2', C-3', C-4' and C- 
5'), 63.70 (C-6'), 63.45 (NCH 2 C=CH 2 ), 50.47 and 50.25 (C-2 and C-6), 38.68 (CH 2 C=CH 2 ), 
30.52 (C-3 and C-5). MS (POS ESI): m/z 420 (M+H)+ 

GM 4149: After purification on a reversed phase octadecyl silica gel clot in a glass 
buchner funnel eluting with water and lyophilization, a-white amorphous solid was obtained. lH 
NMR (D 2 0): 6 5.23 (s, 1H, C=CHaH b ), 5.21 (s, 1H, C=CHaH b ), 4.52 (m, 1H, H-4), 4.1 1 (ddd, 
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1H, J = 10.2 Hz, J= 4.9 Hz, J= 2 .9 Hz, H-V), 3 91 - 3 57 ( m *u ■ 
3 H 3 d si 3 ^ CW=CH2X 2 M * ^ - «"* - 

"o 7 CNMR(D2O):5, ^^>--"^„ 2) , 7 , J0(c . )77I3 

75.03, 72.02, 71.61 and 68.34 (C-r C-2' c r .. „ 

(NCH2C=CH 2 ) 5057 fC 7 . _ ' 04 md C " 5 '>- S2 <" <C-6'), 62 . 12 

. x 3396 ^ 3061 (w - 

g ^'".'^"m^olu, water and lyophilization, a whi>e amorous 

). 3^8 (m , 2H .„ pyranosyl ring) , 3 . 69 (4 , H y . ]3 y ^ "J * 

■3.7 „, N CHaH b C»C„ 2) , 3. 49 (m , 2H> H . 2e ^ » ^ ^ 

15 6a) 2 81 ft 1H /- i, ,„ 11 -3Hz,H-2aorH- 

^ ^. - .3.6 H, CHaHbC=CH2), ,,7 (m , 3H, H-4, „-3e and H-5e,, ,,7 (m , 2H . „-3a 
£H 2 ), 73.15 (C-a), 74.60, 72.62, 70.82, 68.77 and 68.34 (C-r C-2' C 3- M , „ 

(ddd, IH J=7 rut r a t t t ' ^^-^aHb), 4.1 1 
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6H in pyranosyl ring), 3.55 (d, 1H. J= 13.7 Hz, NCH a H b C=CH 2 ) ) 3.45 (d, IH.J - 13.7 Hz. 
NCH a H b C=CH 2 ) J 3.37 (m, 2H, H-2e and H-6e), 2.63 (m, 3H, CHaH b C=CH 2 , H-2a and H-6a). 
2.38 (dd, J = 15.2 Hz, y= 4.7 Hz, CHaH b C=CH 2 ), 1.92 (m, 3H, H-4, H-3e and H-5e), 1.52 (m. 
2H, H-3a and H-5a). 13 C NMR (D 2 0): 5 137.47 (C=CH 2 ), 122.78 (OCH 2 ), 73.11 (C-a). 
5 76.80, 75.30, 71.85, 71.55 and 68.39 (C-l«, C-2', C-3', C-4' and C-5'), 62.14 (NCH 2 C=CH 2 ). 
62.01 (C-6'), 53.58 and 53.12 (C-2 and C-6), 34.52 (C-4), 34.01 (CH 2 OCH 2 ), 26.81 (C-3 and 
C-5). MS (Neg ESI): m/z 410 (M-Na)-. 

GM 4201: After purification on a reversed phase octadecyl silica gel clot in a glass 
buchner funnel eluting with water, 10% methanol in water and lyophilization, a white amorphous 
10 solid was obtained. 1 H NMR (D 2 0): 5 5.45 (s. 1H, C=CHaH b ), 5.32 (s, 1H, C=C Ha H b ), 4.11 
(m, 1H, H-l'), 4.04 - 3.95 (m, 4H, H-a and 2H in pyranosyl ring), 3.87 (t, 1H, J = 5.9 Hz, H-4'). 
3.80 (dd, 1H, J = 9.8 Hz, J = 3.1 Hz, H-2'), 3.71 - 3.67 ( m , 3H, NCHaH b C=CH 2 and 2H in 
pyranosyl ring), 3.59 (d, 1H, J = 13.7 Hz, NCHaH b C=CH 2 ), 3.50 (m, 2H, H-2e and H-6e), 2.84 
(m, 2H, H-2a and H-6a), 2.84 (dd, 1H, 7= 15.3 Hz, J= 1 1.3 Hz, CHaH b C=CH 2 ), 2.61 (bd, J = 
15 13.2 Hz, CHaH b C=CH 2 ), 1.97 (m, 3H, H-4, H-3e and H-5e), 1.57 (m, 2H, H-3a and H-5a). 13 t 
NMR (D 2 0): 5 136.94 (C=CH 2 ), 124.01 (C=CH 2) , 7 2 .83 (C-a), 74.61, 73.39, 70.64, 69.88 and 
69.08 (C-r, C-2', C-3', C-4' and C-5'), 61.90 (NCH 2 C=CH 2 and C-6'), 53.62 and 52.98 (C-2 and 
C-6), 34.14 (C-4), 30.38 (£H 2 C=CH 2 ), 26 .45 (C-3 and C-5). MS (Neg ESI): m/z 410 (M-Na)". 

GM 4202: After purification on a reversed phase octadecyl silica gel clot in a glass 
20 huchner funnel eluting with water, 10% methanol in water and lyophilization, a white amorphous 
solid was obtained. 1 H NMR (D 2 0): 5 5.40 (s, 1H, C^HaHb), 5.36 (s, 1H, C=CHaH b ), 4.15 
(t, 1H, J = 5.9 Hz, H-4'), 4.02 - 3.76 (m, 4H, H-a and 2H in pyranosyl ring), 3.69 - 3.61 (m, 2H 
in pyranosyl ring), 3.59 - 3.51 (m, 2H in pyranosyl ring), 3.47 (s, 2H, NCH 2 C=CH 2 ), 3.34 (m, 
2H, H-2e and H-6e), 2.63 (m, 2H, H-2a and H-6a), 2.52 (dd, 1H, J = 15.4 Hz, J = 4.4 Hz, 
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CH a H b C-CH 2 ).2.40(dd,y. 15.4H 2 ,y=8.0Hz,CH a H b C-CH2), ,.91 (m, 3H, H-4, H-3e and 
H-5e), 1.52 (m, 2H, H-3a and H-5a). >3 C nmr ^ 5 „„, ^ 
73.14 (C-a), 82.46, 81.57, 80.73, 77.8, and 72.12 (C-l', c*. Cy. C-4' and C-5% 63 66 (C^ 
63.1 1 (NCH2CCH2), 53.35 and 53.28 (C-2 and C-6), 38.48 (£H 2 OCH 2 ), 34.54 (C-4), 26.8,' 
(C-3 and C5). MS (Neg ESI): m/z 410 (M-Na)-. 

GM 4221: After purification on a reversed phase ocradecyl silica gel do, in a glass 
bucW funnel e ta i„ gwith ^ ,„ % melhanol to ^ ^ , 

solid was obrained. .„ NMR (t^O): 6 4 . 54 (m> ,„ ^ 3 03 (m> ^ ^ ^ ^ ^ 
Cm, 2H, H-2b and H-6b), 2.02 (m, 2H, H-3a and H-5a), 1.73 (m, 2H, H-3b m d H-5b). 13 C NMR 
(D20): d77,6 (C-4,,43.0, (C-2 and C-6), 32,8 (C-3 and C-5). MS (Neg FAB): ^ 180 
(M-Na)-. 

Example 5 

N-acylated piperidine derivatives having amide linkages 




OH 



Scheme 5 
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The general procedure for the synthesis shown in Scheme 5 involves the acylation of a 
piperidine derivative or analogue (1), in which the acidic function is protected by a protecting 
group (R'), with a carbohydrate derived acid (2), in which the hydroxyl groups are optionally 
5 protected by appropriate protecting groups (R 2 ). If the carbohydrate contains an amino group the 
amino group also should be protected (R 3 ). The protecting groups of the carbohydrate can be 
removed from the coupling product (3) retaining the ester protecting group R' to give compound 

_ _ ./\ SUbSeqUent . r ! m ° VaI _ 5 ±S ™ d *I° tectin 3_ grou P ^ ives compound 5. Alternatively, 
simultaneous removal of all three protecting" groups in compound 3 can yield compound 5 
10 directly. Examples of each of these procedures are provided in greater detail below. 

Procedure 1 . General procedure for the acy lation of piperidine derivatives with carbohydrate- 
derived acids in solution 

To a solution of the acid (2) (3.0 mmol) in tetrahydrofuran (THF), 1 -hydroxy- 7-aza- 
benztriazole (HOAT) (3.75 mmol) is added and the mixture is stirred at room temperature until 
the HOAT dissolves completely (40-60 min). N,N'-diisopropylcarbodtimide (DIC) (6.6 mmol) 
is added to the solution and after 10-15 min, a solution of the piperidine derivative (1) (3.0 
mmol) in CH 2 C1 2 (10 mL) also is added. The reaction mixture is stirred at room temperature 
overnight, after which TLC normally indicates the absence of starting materials. The mixture is 
evaporated to dryness and the residue is dissolved in CH 2 C1 2 (50 mL). This solution is washed 
with 1M aq. HC1, then with water, and is dried with MgS0 4 and concentrated. The crude product 
is purified by column chromatography. 

Procedure 2. General procedure for the de-O-acetylation of N-acyl piperidine derivatives 

To a solution of the N-acyl piperidine derivative (3) in methanol (-20 mL MeOH /I g of 
3), 0.5 M methanolic sodium methoxide is added until the solution reaches about pH 9. The 
mixture is stirred at room temperature, and is monitored by TLC. When the de-O-acetylation step 
is finished (about 3-4 hours), the mixture is neutralized with Dowex 50W-X8 [H*] resin. The 
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resin is Altered off, the ffltntt is c^^^ mi me ^ js ^ 
chromatography (CHCl,:MeOH 10:1) if required. 

Procedure 3. General Procedure for removal of O- benzoyl protecting groups. 

A solution of starting material in ,0% aq. MeOH was degassed completely before the 
flask was fiUed with ntoogen. Catalyst Pd-C (.0%, was added under nitrogen atmosphere 
Hydrogen was filled in after the solution was degassed again. The reaction mixture was stirred a. 
™om temperature for two hours. TLC showedjhe absence of the starting material. The mixture 
was filtered through a Celite cake. The State was concentrated and lyophilyzed. 

Procedure 4. General procedure for the simultaneous removal of O-benzoyl and 
N-(9-fluorenyImethoxycarbonyl) (Fmoc) protecting groups 

To a solution of the protected derivative (3) in MeOH, 0.5 M methanolic sodium 
methoxide is added until the solution reaches p„ ~o. The mixture is stirred a, room temperature 
for 2-3 hours. The reaction is monitored on TLC, and absence of UV absorbing material in the 
product is indicative of the compete remova, of the protecting group, Upon completion ofthe 
reacuon, the reaction mixture is cooled to 0 X and is carefully treated with dilute aqueous HC1 to 
convert the free amine into its hydrochloride salt After concentration, the residue is purified by 
filtration on C„ silicagel with a water-methanol gradient 

Procedures. General procedure for methyl ester hydrolysis 

Compound 4 is Seated with 1M aqueous NaOH (-5 mL / 100 mg of 4) a, room 
■emperature for 1-2 minutes. The mixture is neutralized immediate* with Dowex 50W-X8 [H"] 
"su, the resin is fihered oft; and the filtrate is .yopnylized. In the case of amine-containing 
compounds, the reacdon mixture is neutralized with dUuted aqueous HO, Mowed by 
punficauon on C„ silicagel to give the product as the hydrochloride sal. of the amine 
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Procedure 6. Conversion of piperidine carboxylic acids into sodium salts 

To a soiution of compound 5 in water (-10 mL / 100 mg of 5), Bio-Rex 70 [N*>] resin is 
added in excess, and the mixture is stirred at room temperature. The resin is filtered off, and the 
filtrate is lyophylized. 

5 The compounds shown in Table K were synthesized according ,o these methods and the 

yields and characterization data are provided below. 

.GM4610,GM46Il-andOM4631 -_. . . 

4-Carboxymethylene-piperidine methyl ester was coupled with 3-(2,3,4-tri-0-actyl-a.L- 
fccooyranosyO-propionic acid using procedure 1, followed by chromatography (toluene-acetone. 
10 3:1) to give the coupling product in 54% yield; MS: [M+H]~ 486.3, [M+Na]* 508 5- [a] D -45- ( c 
1.5, chloroform,. 'H-NMR (CDC.J: 6 1.13 and 1.14 (2d, 3H, Me), 2.00, 2.03, 2. 18 (3s 3s3H 3 
OOCC//,), 3.64 (s, ,H, OMe). "C-NMR (CDCl j): 8 ,6.7 (C-6), 21.3, 21.20, 2, ,9 (3C 3 
OOCCH,,, 21.10 (CH,), 29.42 (CH,), 32.03, 32.08 (CH,), 32.82 (CH,), 41.07 (CH,), 42.28. 
42.33 (CH,), 45.92, 46.01 (CH,), 52.04 (OMe). 

'5 Deacetylation using procedure 2 gave OM4610 i„ 60% yield, [a] D -56- (c 1.5, methanol) 

MS: Calcd for C„H^O, 359.4, Found [M+H]* 360.2, [M+Na]* 382.3; 'H-NMR (CD,OD)- 
8 0.70(m,2H,CH,),0.99and 1 .00 (2d, 3H, Me, J 6.2 Hz), ..57 ft 2H, CH,), l.72 (m ,2H)', 1 8. 
(m, 1H), 2.04 (d, 2H), 2.22 ft 2H), 2.42 (m, 1H), 2.90 (m, 1H), 3.44 (s, 3H, OMe), 4.30 (m IH, 
"C-NMR (CD 3 OD): 8 ,7.40 (Me), 22.69 (CH,), 3U6 and 3,.28 (CH,), 33.22 and 33.29 (CH,) 
20 33.98 aad 34.03 (CHJ, 34.86 (CH piperidine ring), 4..90 (CH,), 43.60 and 43.65 (CH,) 47 65 
and 47.68 (CH,), 52.66 (OMe), 69.28 and 69.38 (CH), 70.37 (CH), 72.73 (CH), 73.22 and 73 29 
(CH), 76.39 and 76.44 (CH), 174.20 and 174.24 (CONH), 174.98 (COOMe). 

DeesterificaUon of GM46I0 by Procedure 4 afforded GM461 1 in 85% yield, [*]„ -70 9- 
(c 0.5, water,. MS: Calcd for C 1( H„NO, 345.4, Found (M-HJ- 344.3; 'H-NMR (D,0): 6 . ,6 and 
25 ,.17 (d, 3H, Me,, 1.04-1.26 On, 2H,, 1.70-2.00 (m, 5H,, 2.29 (d, 2H,, 2.46 (m, 2H), 2.69 ( m , 
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•H), 3,2 < ra , ,„,, 3.74 (m , 2H), 3.82 („ IH. H-5), 3.94 (n, 3H ), 4.34 ( ra , ,H). "C-NMR (D 3 OV 

c r 3 r t " 4 2025 <cH!> - 2942 ■* 2949 (chj - 3121 - ^ 

CH, 32.67 and 32.7 (CH), 40.7, (CH,, 42,5 and 42.60 (CH,, 46,4 (CH,, 67.33 (CH). 
68.03 (CH), 70.0 (CH>, 7,90 (CH), 75,0 and 75,5 (CH, ,73.77 (CONH), ,77.74 (COOH, 
> GM46, , was converted i„ t „ jt s sodiun, salt GM4631 ^ ^ , 

(DP): , ,5.93 (Me,, 20.22 „d 20.26 (CH,), 29.44 and 29,0 (CH,, 3,,7 and 3,.4, (CH,) 

ch 3313 (ch) - 4229 <cH!) - 4267 - 42 - 71 <cha ™ - <«), 6,; 

(GH), 69.98 (CH), 7,93 (CH,,-75,4 and ,5,9<C„> ,73.82 (C ON „), 1 79.64 (COO H). 
GM4725, GM4727 and GM4746 

4-Ca r boxv m e«„ yl e„e-p ip e ri di„e n^v, es,e, ^ eo„p,ed with 3.(2,3,4,6-^-0^, 
a -D- g a 1 c Kpyr a„ osvl , propjonic acid ^ pmxime u fou<)wed ^ chroma(ography [o 

*e coup,i„ g product 3 in 37% yi eld, 'H-NMR (CDC,,,: 5 , 17 m , 2H), 2.0,, 2.03, 2 04 2 07 

,, and 2,62 (CH,, 29,8 (CH,, 32.06 and 32,0 (CH,, 32.87 (CH,, 33,9 (CH), 4..09 
CH,, 42.32 and 42.35 (CH,, 45.9, and 45.96 (CH,, 52,0 (OMe), 62,5 and 62,8 (CH ) 
68,7 (CH), 68.4, (CH), 68.62 (CH), 72.46 and 72.61 (CH). 

Deacon using procedure 2 gave ^ fa ^ ^ ^ 

.,J, m e tta no,,.MS: C a lc df„ rC , I H^O. 375.4,^^- 376,,^,- 398 , 
H NM R (CO.OO): . 0 .96 (m , 2H), „6 ft 2„), ,70 (m , 2„), ,82 (m , ,„), 2.08 (d, 2H> 
2-2-2, (n,, 3„), 2.90 ft ,„), 3.46 (s, 3H, OMe), 3.40-3.80 ( m , 8H), 4.30 ( ra , H 
C -NMR (C D) OD): a 22.6 (CH,, 30,6 and 30.64 (CH,, 3,78 (CH,, 33,, and 33,6 '(CH, 

C„ r <CH!) ' 4315 (CHA 47 20 M " 47 23 «"» »d 62 ; 

CH,,J .38 (2 CH), 7,98 (CH), 74.45 (CH), 75.06 (CH), ,73.85 and ,73.90 (COKH), ,74.6 
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Deesterification of GM4725 by Procedure 4 afforded GM4727 in 89% yield, [a] D +39.2° 
(c 1.6, water). MS: Calcd for C 16 H 27 NO s 361.4, Found [M+H] + 362.0, [M+Na]* 384.1; 'H-NMR 
(D,0): 5 1.16 (m, 2H), 1.70-2.00 (m, 5H), 2.30 (d, 2H), 2.50 (m, 2H), 2.70 (t, 1H), 3.12 (t, 1H) ? 
3.54-3.70 (m, 4H), 3.76 (dd, 1H, y 3 . 4 =3.4 Hz, ^=9.4 Hz), 3.76 (m, 3H), 4.34 (m, 1H). "C-NMR 
(D 2 0):5 20.35 (CH 2 ), 29.18 (CH 2 ),31.2l(CH 2 ), 31.87 (CH 2 ), 32.60 (CH), 40.48 (CH 2 ), 42.54 
(CH 2 ), 46.49 (CH 2 ), 61.36 (CH,), 68.39 (CH), 69.26 (CH), 69.86 (2 CH), 70.74 (CH), 173.76 
(CONH), 177.52 (COOH). 

GM4727 was converted into its sodium salt GM4746 using Procedure 5. 

GM4726, GM4728 and GM4747 

4-Carboxymethylene-piperidine methyl ester was coupled with 3-(2,3,4,6-tetra-0-acetyl- 
a-D-mannopyranosyl)-propionic acid using procedure 1, followed by chromatography (toluene- 
acetone, 3:1) to give the coupling product in 33% yield; 'H-NMR (CDC1 3 ): 5 1.18 (m, 2H), 2.02. 
2.04, 2.05 and 2.07 (4s, 4x3H, 4 OOCCH 3 ), 4.6 (m, 1H). "C-NMR (CDC1 3 ): 8 21.24, 21.28 and 
21.45 (OOCCH 3 ),24.65 and 24.71 (CH,), 29.1 (CH,), 32.06 (CH 2 ), 32.84 (CH,), 33.57 (CH), 
15 41.07 (CH,), 42.35 (CH,), 45.92 (CH,), 53.08 (OMe), 62.95 (CH 2 ). 

Deacetylation using procedure 2 gave GM4726 in 80% yield, [a] D +13.1° ( c 0.9. 
methanol ). MS: Calcd for C, 7 H 2 ,NO g 375.4, Found [M+H]* 376.1, [M+Na]* 398.1. 'H-NMR 
(CD 3 OD): 6 0.96 (m, 2H), 1.58 (m, 3H), 1.80 (m, 2H), 2.10 (d, 2H), 2.24-2.50 (m, 3H), 2.90 
(t, 1H), 3.26 (m, 1H), 3.46 (s, 3H, COOCi/j), 3.40-3.60 (m, 5H), 3.66 (m, 1H), 3.80 (m, 1H), 
4.30 (m, 1H). "C-NMR (CD 3 OD): 5 25.60 and 25.64 (CH,), 30.27 (CH,), 32.74 (CH,), 33.44 
and 33.49 (CH,), 34.33 (CH), 41.38 (CH,), 43.14 (CH,), 47.07 (CH,), 52.17 (OMe), 62.79 
(CH,), 69.51 (CH), 72.75 (CH), 72.84 (CH), 76.29 (CH), 77.42 and 77.47 (CH), 173.33 and 
173.37 (CONH), 174.57 (COOMe). 



20 
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Deesterification of GM4726 by Procedure 4 afforded GM4728 in 93% yield, [<x] D +9.2» 
(c 1, water). MS: Calcd for C I6 H„NO g 361.4, Found [M+H]* 362.0. 'H-NMR (D,Q): 5 1.12 (m, 
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2H), L72 <„,. 3H), ,.98 (m, 2H), 2.28 (d, 2H), 2.48 (m, 2H), 2.68 «, IH ), 3.10 («, ,H) 3 44 ( m 
IH), 3.54-3.70 (m, 2H). 3.74-3.88 (m, 4H), 3.94 On, ,H), 4.32 (m, ,H). n C-NMR (D,0)- 6 
23.86 (CH,), 26.89 (CH,), 29.2! (CH,), 3,.2 (CH,), 31.86 (CH,), 32.60 (CH), 40.49 (CH) 
42.55 (CH,), 6..43 (CH,,, 67.58 (CH), 71.0, (CH), 71.59 (2 CH), 77.68 (CH), ,73.40 (CONH)' 
,77.51 (COOH). 

GM4728 was converted into its sodium salt OM4747 using Procedure 5. 

OM4472, GM4485 and OM4488 ... . 

4-Carboxymemy,ene-pipendine methyl ester was coupled with 3-(2,3,4-«.0-benzyl-«- 
L-n J co Pyra „os yl) -N., OT -buty.oxyca r bo„ y ..alan i ne using procedure 1, Mowed by chroma- 
tography (toiuene-acetone, 6:1) ,o give the coupling product 3 in 50% yield. 'H-NMR (CDC1 )■ S 
1.41 (s, 9H, 3 CM* 3.64 (s, 3H, OMe), 5.25 (dd, IH, H-3). "C-NMR ( CD C1 )): 6 15 14 (C 6) 
28.91 (Cme), 52.15 (OMe). ' 

The coupHng product 3 (0.88 „ shown in Scheme 5 was hydrogenated in .0% aqueous 
methano, with I0X palladium on charcoal catalyst a, atmospheric pressure and room 
temperature. After 2 hours the mixntre was fiitered through Celite, the fntrate was concent 
and the residue was lyophyhzed from water to give 0.53 g (94-/., of OM4472. [a ]o -36 0- (c l' 
methano,). MS: Calcd for Wl , 374.5, Found fM+Hr 472.5 ; 'H-NMR (CD-OD)- 5 
(m, 2H), ,.23 and , 24 (2d, 3H, ,6.5 Hz, C/^Fuc,), ,.42 and ,.43 (2s, 9H, CMej), ,.76 ( m 
3H), 2.02 (m, 2H), 2.30 (dd, 2H), 2.68 (m, ,H), 3,4 (m, ,H), 3.62 (m, ,H), 3.64 (s, 3H, OMe) 
3.72-3.90 (m. 3H), 4.04 (m, 2H), 4.48 (bd, IH), 4.70 (bd, ,H). "C-NMR (CD,OD): 6 ,6.08 (Me 
Fuc), 28.86 »C^), 29.80 and 29.84 (CH,), 32.6, and 32.79 (CH,), 33.46 and 33.53 (CH,) 
34.33 and 34.47 (CH), 4,.30 and 4,.47 (CH), 43.48 a*, 43.82 (CH), 46.57 and 47.03 (CH) 49 
36 and 49.58 (CrVNHBOC), 52.14 (OMe), 70.37 (CH), 70.57 (CH), 71.27 (CH) 71.40 (CH) 
72.69 (CH), 80-.61 and 80.64 (CMeJ, 173.06 and .73,2 (2 CONH), ,74.56 (COOMe) 
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Deesterification of GM4472 by Procedure 4 afforded GM4485 in 94% yield, [a] D -44. 5 <> 
(c 1.2, water). MS: Calcd for C.H^O, 460.5, Found [M+HJ* 461.2. 'H-NMR (D 2 0): 8 U-l , 
(m, 2H), 1.18 and 1.19(2d, 3H, Me Fuc), 1.39 and 1.40 (2s, 9H, CMe 3 ), 1.80 (m, 3H), 2.04 (m " 
2H), 2.32 (d, 2H), 2.76 (q, 1H), 3.24 (q, 1H), 3.70 (dd, ,H), 3.78-4.10 (m, 5H), 4.36 (bd, 1H) 
4.62 (bd, 1H). "C-NMR (D 2 0): 5 15.75 (Me Fuc), 26.17 (CHJ, 27.85 and 27.90 (CMe 3 ), 30 99 
and 31.27 (CH 2 ), 31.85 and 32.01 (CH 2 ), 32.53 and 32.71 (CH), 40.38 and 40.56 (CH,), 42 98 
and 43.31 (CH 2 ), 45.87 and 46.24 (CH 2 ), 47.99 and 48.27 (CtfNHBOC), 67.72 (CH), 68 04 
(CH), 70.15 (CH), 71.47 (CH), 72.33 (CH), 81.59 and 81.72 (CMe 3 ), 172.36 (CONH), 17761 
(COOH). 

GM4485 (0.3 g) was stirred in a mixture of 1,4-dioxane and trifluoroacetic acid (1:1 10 
mL) at room temperature for 6 hours. The mixture was concentrated, the residue was purified on 
C„ silicagel by gradient elution with water-methanol mixtures. Eluted first was GM4488 as the 
trifluoroacetic acid salt (O.lg, 32%), followed by unreacted GM4485. [a] D -27.8° (c 1 7 water) 
'H-NMR (D 2 0): 5 1.14 (d, 3H, Me Fuc), 1.42 (m, 2H), 1.94 (bd, 2H), 2.10 (m, 2H), 2.34 (d 2H) 
2-44 (m, 1H), 2.96 (t, 2H), 3.38 (d, 2H), 3.74 (m, 2H), 3.92 (m, 2H), 4.10 ( m , 2H ). I3 C-NMR 
(D 2 G): 5 15.58 (Me Fuc), 25.79 (CH 2 ), 28.06 (CH 2 ), 30.45 (CH), 39.97 (CH,), 43.97 (3 CH ) 
67.46 (CH), 68.16 (CH), 69.91 (CH), 71.25 (CH), 71.79 (CH), 163.3 (CONH), 176.84 ( COOH). 

GM4486 and GM4487 

4-Carboxymemylene-piperidine methyl ester was coupled with methyl 3,4-di-O-benzoyl- 
2-deox y .2-[(9-nuo re „y]me,h 0 xy^ d ^ ^ 

ure I, followed by chromatography (toluene-acetone, 5:1) to give the coupling product 3 in 78% 
yeld. tat +8 .5- (c 1.8, chloroform). MS: Calcd for WA, 776.8, Found rM.Hr 777 2 
'H-NMR(CDC, s) :6 0.9. 1 .4(m,2H), 1.6-1.9 (m, 2H), 1.95-2.1 m, 2H), 2.28 (m, 2H), 2.5-2.7 (tn 
■H), 3.0-3.2 On, ,H), 3.58 tmd 3.59 (2s, 3H, OMe), 3.63 and 3.65 (2s, 3H, COOMe), 3.98 (tn, 
1H), 4.15 (m, 2H), 4.88 (m, IH ), 4.96 ( m , 1H), 5.30 0b. 1H), 5.54 (m, 1H), 5.96 ( m ,H) »C- 
NMR (CDCl,): 5 31.95 ( CHl ), 32.82 and 32.93 (CHJ, 33.25 and 33.69 (CH), 40.91 and 4U4 
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(CH,), 43.26 and 43.54 (CH,), 46.10 and 46.43 (CHJ, 47.52 (CH), 52.14 and 52.18 (OMe) 
54.66 (OMe), 57.38 and 57.63 (CH), 67.65 (CH,), 68.22 a*! 68.43 (CH), 70.24 and 70.63 
(CH), 71.95 and 72.02 (CH), 100.22 and 100.40 (C-l). 

Simultaneous removal of the O-benzoyI and N-Fmoc protecting groups by Procedure 
3 gave OM4486 as the hydrochioride salt in 66% yield, [„.)„ + 82.6° (c 1 .5, water). MS: Calcd for 
C^NA 346.1, Found [M + H]- 347.1. 'H-NMR (D,0): 5 1.24 (m, 2H), 1.84 (m 2H) 2 10 
(m,.H), 2.37 (d, 2H), 2.82 (m, 1H), 3.22 (m, 1H), 3.41 (dd, IH, J-3.6 Hz and 10 5 Hz, H-2 , 
3-49 (2S..3H, OMe), 3.70 (s, 3H, COOMe), 3.76 ft- .H, ^9.4 Hz, »- A 3.94 (, 1* *.1„ 0 ifc 
H-3), 4.12 (bd, 1H), 4.43 (m, 1H), 4.73 (2d, IH .7=9.6 Hz, tf-5), 5.10 (2d, 1H, J-X6 Hz, #-/> 
"C-NMR ( D , 0 ): 6 3I ,05 and 31.15 (CH,), 31.95 and 32.27 (CH,), 32.44 and 32.62 (CH) 40 23 
(CH,), 43.19 and 43.3 1 (CH,), 46.45 and 46.74 (CH,), 52.32 (COO^e), 53.86 (OMe), 56 34 and 
56.47 (C-2), 67.20 and 67.33 (CH>, 69.47 and 69.53 (CH), 71.39 and 71.47 (CH), 97.24 and 
9735 (C-l), 167.44 and 167.72 (CONH), 175.90 and 175.97 (COOMe). 

Deesteriflcation of OM4486 by Procedure 4 afford* GM4487 in quantitative yteld 
Mo +83.5- <„ 1 , water). MS: Calcd for 332.2, Found [M+H]* 333.1 . 'H-NMR (D,0>- 

8 ..20 (m, 2H). ,.80 („, 2H), 2.00 (m, 1H), 2..0 (d, IH), 2.14 (d, ,H), 2.80 (tn, ,H), 3 18 
On, .H), 3.37 (dd, IH, Hz and 10.6 Hz, H-2), 3.46 (2s, 3H, OMe), 3.70 (2, ,H, « 4 Hz, 
*0. 3.90 (u IH, ^9.8 Hz H-3), 4.10 (bd, IH), 4.40 (m, ,H), 4.72 (2d, ,H, >*, Hz tf-5) 
5-05 (2d, ,H, «.9 Hz, /W). "C-NMR (D,0): 5 31.50 and 31.59 (CH,). 32.37 and 32.72 (CHJ 
33.52 and 33.73 (CH,), 43.53 «, 43.70 (CH,), 44.34 (CH,). 46.77 and 47.09 (CH,) 53 94' 
(OMe,, 56.30 and 56.49 (C-2), 67.27 and 67.4. (CH), 69.57 and 69.64 (CH>, 71.56 (CH)1 97 3, 
and97.43(C-l), 1 67.59 (CONH), 181.50 (COOH). 
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Example 6 

Synthesis of N-Acyl-trans-4-(Aminomethyl)Cyclohexane Carboxylic (Transexamic) Acid 
Derivatives on Solid Phase 

General Procedure: Wang Resin was used as the solid support in these reactions 
5 (Advanced ChemTech, 1% cross linked, 200-400 mesh size, 0.97mmol/g loading level). The 
coupling of Wang resin and trans-4-NHFmoc-methylcyclohexane carboxylic acid was done in a 
round bottom flask. All of the parallel reactions and washings were done in a polypropylene 
cartridge (1 2ml) with a frit at the bottom and a two-way valve beneath the frit. Solvents may be 
forced through with a syringe plunger at the top, and reaction mixtures may be gently stirred by 
1 0 putting a small magnetic stirring bar inside the cartridge. 

Step 1 . Bonding the Core Structure to Wang Resin 

The resin from Advanced ChemTech was washed with DMF(lOx), MeOH(lOx). 
THF(lOx) and CH 2 Cl 2 (10x) and dried via vacuum completely before use. 
Trans-4-NHFmoc-methylcyclohexane carboxylic acid (3.07g, 8.1mmol) was dissolved in 
anhydrous DMF (10ml) and CH 2 C1 2 (20ml) mixture. After the acid dissolved completely, DIC 
(2.5ml, 16.2mmol) was added. The mixture was stirred at room temperature for 15-30 minutes. 
The resin (3.0g, 2.7mmol) was weighed in a 100ml round bottom flask. The acid-DIC mixture 
was added to the resin through a syringe under nitrogen. DMAP (O.lg, 0.81mmol) was 
dissolved in DMF (2ml) and CH 2 C1 2 (4ml) and the solution was added to the above flask. The 
reaction mixture was stirred gently at room temperature under nitrogen overnight. The reaction 
mixture was then sonicated for 30 minutes, transfered into a glass funnel with a frit and was 
washed with DMF(8x), MeOH(8x) and CH 2 Cl 2 (8x). The bonded resin was dried on vacuum for 4 
hours to give product: 3.8g. Fmoc quantitation was performed with the dried resin support: 
0.58mmol/g. 
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Step 2. Fmoc deprotection 

« l^tT? 77" fc suppon *-™»-~*~*-- 

ooxync (0.25g, loading level: 0.53mmol/g) was added tn 7no/ • -,- - 

&j wdi aaaea to 20% pipendine in DMF ffimU n. 

:::rr T p r e for one ^ md - ~- - — — £ - 

.he bottom. Another ponion of 20% piperidine " 
then was washed with DMF (5*), and CH.Cl ( M The •„ 

— «. „. ■ rrr* - - - • *r - 

Step 3. Coupling with acids 

Eigh, codings were done in panUiei with the following acids: 
I. 3 Ac- C-2 fucose acid, 



2. 3 Ac -C-l rucoseacid, 

3. 4Ac- C-2 Mannose Acid, 

4. 3Ac- C-2 Arabinose Acid, 
1 5 5. 3Ac-Mannose uronic acid, 

6. 3Bz-l-N3-uronicacid, 

7. 2NHFmoc- 2Bz Uronic Acid, 

8. 3-NHFmoc Salicylic Acid 



Amounts used for the coupling reactions ft* . 
20 4-aminomethvl carh r . , ^ ^ ^ ^ of su PPort-bond bond 

nomethyl carboxyhc aad ) were as follows: each acid, 3 fold excess- HOAT- 
excess; DIC: 6 fold excess TW .- exce ss, HOAT. 4.5 fold 

genera, procedures Z , ^ ^ "™ «" "* * - 

procedures. To a solution of the acid and HOAT in niup n 

a-e, -n^wass^ed^on, rrr^^^ 
Kaiser t es t Z ^ * *» «— - do a 
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mixture was released. The resin was washed with DMF(8x), MeOH(8x), and CH 2 Cl 2 (8x). The 
resin was dried over a water aspirator pump for 15 minutes and it was ready for the TFA 
cleavage. 

Step 4. TFA cleavage from the resin 

A mixture solvent of TFA:CH 2 Q 2 1:1 (v/v) (6ml) was added to the cartridge containing 
the resin. The resin turned purple a few seconds after the TFA:CH 2 C1 2 mixture was added. The 
slurry was left standing at room temperature for 30 minutes. Then the solution was released and 
was collected in a glass tube. The resin was washed with CH 2 Cl 2 (2mlx2) and the washing, 
solution was also collected in the same tube. In order to get all the product from the resin, the 
cleavage was repeated for the second time. TLC showed that the cleavage was almost complete 
in the first cleavage. There was only a small trace of compound was found in the. second time 
cleavage. The solution from first and second time cleavage and washings were combined and 
concentrated. The residue was ready for the deprotection. 

Step 5. Deprotection 

The residue from the previous step was dissolved in MeOH (10ml). NaOMe (0.5M in 
MeOH) was added to adjust the pH in the range of 8-9. The deprotection was monitored by TLC 
was determined to be complete after 4-5 hours. The reaction mixture was neutralized with H+ 
resin and the ion exchanged resin was filtered off immedietely. The filtrate was concentrated and 
the residue was purified on a small C„ column with water or 5-20% MeOH in water as eluting 
20 solvents. The product fractions were collected and lyophilyzed to give the final product. 

The following eight products shown in Table L were synthesized according to these 
procedures: 

GM 4561: 77.9mg, 'H-NMR (DMSO-d6-D 2 0 5:1, 60 oC) 8 0.88 (m, 2H, CH 2 cylohexyyI), 1.04 
(d, 3H, CH 3 Fuc), 1.23 (dddd, 2H, CH 2 cyclohexyl), 1.28 (m, 1H, CH cyclohexyl), 1.69 (m, 2H, 
25 CH 2 cyclohexyI), 1.84 (m, 2H, CH 2 cyclohexyl), 2.08 (m, 1H, CHcyclohexyl), 2.25 (dd, 1H), 2.80 
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Cm, ,H>, 2.98 („,, ,H), 3.44 ( m , 2H), 3.52 (m, ,H), 3.68 (dd, 1H, J-5.4 Hz), 3.76 ( m , IH) 4 16 
(ddd, IH, H-I). "C-NMR (DMSO-d6-D,0 5:2, 60oC)S 16.02 (CH.Fuc), 28 38 29 22 
(CHcyCohexy,), 37.06, 42.98 (CHcyCohexy,), 38.73 (CH^ac), 45.04 (CH,NH), 67.55 67 74 
70.26, 7 1 .29(C2,3,4,5), 72.95(C),, 72.89 (CONH). MS: 346., (M +1)+ , 384.3<M + Na> + . ' 
> °M 4562: 64, mg . 'H-NMR C DM S 0-d6-D,O 6:,, 60 cC) 5 0.86 ( ra , 2H, CHcyCohexy,) , I4 
(d, 3H. CH 3 Fuc), ,.23 (dddd, 2H, CHcyCohexy,), ,.32 ( m , ,H, CHc y c,ohex yl ), ,.68 (bdd 2H 
CHcyCohexy,), , 85 (bdd, 2H, CHcyCohexy,), 2.08 ( m , ,H, CHcyCohexy,), 2.88 (d 2H) " 
2:94 (,, ,H,"CHcycJbhexyl), 3.67 (m, ,H, partially covered by HOD), 3.82 (dd, ,H) 3 96 (n," 
■H), 4.16 (d. ,H, ,1,2-4.2 Hz H-,). "C-NMR «>MSO-d6.D,0 6:,, 60 oC) 8 ,5.38 (CHjFuc) 
28.77, 29.80 (CH.cydohexyl), 37.31, 43.,9 (CHcydohexyl), 45.19 (C^NH), 68 62 69 ,8 
71.41, 71.66, 71.75 (C-I,2,3,4,5), 171.32 (CONH), 177.81 (COOH). MS: 33 2. HM+K)+ ' 
354(M+Na)+. ' ' ' 

OM 4563: , 50.8 mg , 'H-NMR ( DM SO-d6. 60 -C) 5 0.87 (m, 2„, CHcyc,ohex yl) , 1.22 (dddd 
2H, CHcyCohexy,), , .32 (m , ,H, CHcyCohexy,), 1.65 (bd, 2H, CHcyCohexy,), , .84 (bdd, 2H 
CHcyCohexy,), 2.08 ( m , ,H, CHcyCohexy,). 4.05 On, ,„, „.„. ,. C -NMR (DMSO-d6 60 -C,' 
a 29.03, 30.00 37.23 (CHcyCohexy,). 37.57, 43.4, (CHcyCohexy,), 40.08 (CHMannose) 
45.52 („, 61.32 (C-6), 68.66, 70.67, 71.48, 73.08 (C-2,3,4,5), 76.49 (C-„, 
(CONH), 178.13 (COOH). MS: 362.2(M + HK 384.2(M + N a)+ . 

(dIT H ru" " ,955 DMSO> ' ' H " NMR ^WO6:,,60X)8„,8 

£T» C H ^ ^ CH ^'" 1M ( - C -«, ..69 

m'Z ^ CH!Cycl0hexyl) ' 210 (m - 1H ' CH °«>- 2 " («• 

IH), 2.89 (d, 2H), 3.30 (m, 3H), 3.45 (m, IH), 3.67 (m, 3H panially covered). 
(DMSO-d6-D,0 6.,, 60 «C) 8 28.90, 29.83 (CHcyCohexy,,, 37.49, 43.24 (CHcyCohexy,) 
40.00 (CHsugar), 45.34 (CH 2 NH), 70.37 (C-5), 69.43,^,,4, 74.32 (C-2,3,4), 77.93 (C) ' 
"1.78 (CONH), 177.83 (COOH). MS: 332.1(M + H) + , 354..(M + Na). 



76 



BNSDOCID: <WO 993Q70SA2 J > 



WO 99/29705 



PCT/US98/25783 



10 



15 



20 



25 



GM 4565: 122.7mg, [ ]D= +34.56 (c-0.90, DMSO), 'H-NMR (DMSO-d6-D 2 0 6: 1, 60 °Q 
5 0.88 (dddd, 2H, CH 2 cyclohexyl), 1.22 (dddd, 2H, CHcyclohexyl), 1.38 (m, 1H, 
CHcyclohexyl), 1.68 (bdd, 2H, CHcyclohexyl), 1.84 (bdd, 2H, CH 2 cyclohexyI), 2.08 (m, 1H, 
CHcyclohexyl), 2.94 (dd, 2H, CH 2 NH), 3.26 (s, 3H, OCH,), 3.48 (dd, 1H), 3.63 (t, 1H). 3.68(t, 
IH), 3.78 (H-5 covered by HOD), 4.58 (d, 1H, Jl,2=1.7 Hz H-l). "C-NMR (DMSO-d6-D 2 0 
6:1, 60 C) 5 28.84, 29.75 (CHcyclohexyl), 37.19, 43.50 (CHcyclohexyl), 45.00 (CH,NH), 55.23 
(OCH 3 ), 68.80, 70.24, 70.89, 72.86 (C-2,3,4,5), 101.95 (C-l), 170.50 (CONH), 178.24 (COOH). 
MS: 348. 1 (M+H)+, 370. 1 (M+Na)+, 

GM 4566: 62 mg, 'H-NMR (DMSO-d6, 60 °C) 5 0.88 (bdd, 2H, CH 2 cyclohexyl), 1.22 
(dddd,2H, CHcyclohexyl), 1.36 (m, IH, CHcyclohexyl), 1.68 (bdd, 2H, CH 2 cyclohexyl), 1.84 
(bd, 2H, CHcyclohexyl), 2.08 (m, IH, CHcyclohexyl), 2.94 (2d, 2H, CH 2 NH), 3.06 
(t, IH, J2,3=8.8 Hz H-2), 3.25 (t, IH, J3,4=8.8 Hz H-3), 3.37 (t, IH, H-4), 3.70 (d, IH, J4,5=9.7 
Hz, H-5), 5.52 (d, IH, Jl,2=8.6 Hz H-l). "C-NMR (DMSO-d6, 60 °C) 5 28.64, 29.58 
(CHcyclohexyl), 37.07, 43.15 (CHcyclohexyl), 44.83 (CH 2 NH), 71.17, 73.12, 76.30, 77.54 
(C-2,3,4,5), 90.43 (C-l), 177.53 (COOH). MS: 359.6(M+H)+, 381.2 (M+Na)+. 

GM 4567: 48.8mg, [ ]D= +23.24 (c=3.12, DMSO), 'H-NMR (DMSO-d6-D 2 0 6:1, 60 °C) 
8 0.87 (m, 2H, CHcyclohexyl), 1.23 (m, 2H, CHcyclohexyl), 1.41 (m, IH, CHcyclohexyl), 1.74 
(bd, 2H, CHcyclohexyl), 1.88 (bd, 2H, CHcyclohexyl), 2.12 (m, IH, CHcyclohexyl). 3.00 (bd, 
3H), 3.36 (s, 3H, OCH 3 ), 3.46 (t, IH), 3.60 (t, IH), 4.88 (d, IH, H-l),). "C-NMR 
(DMSO-d6-D 2 0 6:1, 60 -Q 5 28.58, 29.51 (CHcyclohexyl), 36.94, 43.06 (CHcyclohexyl), 
44.88 (CH 2 NH), 54.09, 55.64 (OCH 3 , C-2 respectively), 70.78, 71.63, 72.06 (C-3,4,5) 97.61 
(C-l). MS: 347.1(M+H)+,369.2(M+Na)+. 

GM 4568: 84 mg, 'H-NMR (DMSO-d6, 60 °C) 5 0.88 (dddd, 2H, CHcyclohexyl), 1 .24 
(dddd, 2H, CHcyclohexyl), 1.46 (m, IH, CHcyclohexyl), 1.72 (bd, 2H, CHcyclohexyl), 1.90 
(bd, 2H, CHcyclohexyl), 2.51 (m, IH, CHcyclohexyl), 6.62 (d, IH, Ph), 6.72 (d, IH, J=2.6 Hz . 
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Ph), 7.06 (d, 1H, J=2.7 Hz Ph), 8.43 (bs, 1H, COOH). "C-NMR (DMSO-d6, 60 <>C) 8 28.69. 
29.94 (CH 2 cyclohexyl), 37.34, 43.00 (CHcyclohexyl), 45.22 (CH 2 NH), 133.08, 117.81, 121 06 
(Ph), 1 16.48 (Cq,Ph), 169.00 (CONH), 1 76.83 (COOH). MS: 291.3(M-H)-, 293.3(m1 H )-. 

Example 7 

5 4-carboxy-piperdine derivaties and 4-carboxymethylene pipeline derivatives 

The following compounds shown in Tables J and K were synthesized using the same 
solid phase synthesis protocols described in Example 6: 

1. N-acyl piperidine-4-carboxyIic acid derivatives: 

The NMR spectra al, of the signals are doubled due to the different conformational 
10 stages. When the temperature is increased to 70 °C, only one conformer exists (see 'H-NMR of 
GM 4408). 

CM 4406: 76 mg, 'H-NMR <Dfl> 8 ,22 (2d, 6H, 2x CH.Fuc), ,.60 (m, 4H, 2x CH, is o„ ip ) 
1.88 (m, 4H, 2x CH^onip), 2.24 (m, covered by aceton CH.isonip), 2.71 (m, 2H. 2x CHisonip) 
2.85 (m, 2H, 2x CH.isonip), 3.24 ( m , 2H, 2x CH^nip), 3.92 (m. 4H), 4.25 <„, 2H) 4 <n 
'S (2H, paniauv covered by HOD H-l). "C-NMR (D,0) 8 .6.07, ,6.26 <2x CH, Fuc) ->7 63 
28-11, 41.58, 46.23 (2x OMsonip), 40.64 (2x CHisonip), 7 0.35, 70.40, 71.57, 71.62 71 69 
71.72, 71.75, 71.90 (C- 1,2,3, 4,5), 168.28, 168.93 (2x CONH), 179.50, 179.60 (2x COOH) 
MS: Calcd for C ls H„NO ; : 303.00. Found: 304.0 [M+H] + , 326.2 [M+Na] + . 

OM 4407: 92 mg , 'H-NMR (0,0) 8 ,.62 (m, 4H, 2x CH^p), 2.20 (m> 4H, 2x CH.isonip) 
2.70 (m , 2H, 2x CHisonipX 2.94 (m, 2H, 2x CH,,***), 3.30 („. 2H, 2x CH ; isonip), 3 42 (2s 
«t 2x OCH,,. 3.82 (2dd. 2H), 3.94 (m, 4H), 4.,1 (m , 2H, 2x CH^nip), 4.34 ( m , 2H 2x' 
CH^sorup), 4.58 (dd, 2H), 4.79 (2d, 2H, paruaUy covered by HOD, H-,). "C-NMR (D O) 
5 27.71. 27.75, 28.56, 28.77, 42.52, 42.63, 45.85, 46.04 (2x CH.isonip), 40.73, 40 8. 
(2x CHisonip), 55.89, 56.02 (2x OC H) ), 68.1 8, 68.31 , 70.07, 70.26, 70.30 (2x C-2,3,4 5) ,02 32 



20 



78 



BNSOOCIO: <WO 992970SA2_I_> 



WO 99/29705 



PCT/US98/25783 



10 



15 



20 



102.42 (2x C-l), 168.42, 168.63 (2x CONH), 179.46, 179.59 (2x COOH). MS: Calcd for 
C, 3 H 2l NO g : 319.1. Found: 320.1 [M+HJ+, 342.0 [M+Na]+. 

GM 4408: 87 mg, "H-NMR (D 2 0) 5 1.15, 1.18 (2d, 2x 3H, 2x CH 3 Fuc), 1.60 (m,4H, 

2x CH 2 isonip), 2.00 (m, 4H, 2x CH 2 isonip), 2.70 (m, 2H, 2x CHisonip), 2.84 (m, 6 R 

3x CH 2 isonip), 3.27 (m, 2H, 2x CH 2 isoni P ), 3.77 (m, 4H), 3.98 (m, 6H include CH 2 ), 4.32 

(m,2H, 2x Hsceleton), 4.43 (m, 2H, 2x Hsceleton). I3 C-NMR (D 2 0, 70 °C) 5 1.18 (d, 3H. 

CH 3 Fuc), 1.61 (bm, 2H, CH 2 isonip), 2.00 (bm, 2H, CH 2 isoni P ), 2.71 ( m , 1H, CHisonip), 2.84 (m r 

3H, CH 2 isonip), 3.28(m, IH, CH 2 isonip), 3.77 (dd, 1H, J=3.4 Hz H-3 or H-4), 3.82 (dd, 1H, H-3 

or H-4), 3.95 (dd, IH, J=6.0 Hz H-5), 3.95 (m, IH, CH 2 ), 4.02 (dd, IH, J=5.8 Hz H- 2 ),' 4.32 (m. 

IH, CH2), 4.45 (dddd, IH, Jl,2=5.3 Hz, J1,CH 2 =10.3 Hz H-l). I3 C-NMR (D 2 0) 5 15.84, 15.93 

(2x CH 3 Fuc), 27.64, 27.82, 28.46, 28.55, 29.21, 29.36, 42.00, 46.02 (CH 2 isonip), ' 40.46 

(CHisonip), 67.58, 67.62, 68.47, 68.52, 70.04, 70.06, 71.73, 73.58, 73.67 (C-l, 2,3,4,5), 171.92 

(CONH), 179.56 (COOH). MS: Calcd for C 14 H 23 N0 7 : 317.1. Found: 318.0 [m1 H ]1, 340.0 
[M+Na]+. 



GM 4434: 76 mg, 'H-NMR (D 2 0) 8 1.64 (m, 4H, 2x CH 2 isoni P ), 2.03 (m, 4H, 2x CH 2 isonip), 
2.74 (m, 2H, 2x CHisonip), 2.97 (m, 2H, 2x CH 2 isonip), 3.27 (m, 2H, 2x CH 2 isonip), 3.31, 3.32 
(2t, 2H, J2,3=9.0 Hz, 2x H-2), 3.60 (t, 2H, J3,4=9.2 Hz H-3), 3.69, 3.72 (2t, 2H, J=4,5=10.0 Hz 
H-4), 4.54, 4.56 (2d, 2H, H-5), 4.88, 4.90 (2d, 2H, Jl,2=8.8 Hz H-l). I3 C-NMR (D 2 0) 6 27.64, 
27.70, 28.51, 28.78, 42.37, 42.46, 45.68, 45.90 (CH 2 isonip), 40.54, 40.67 (CHisonip), 71.13,' 
72.69, 72.81, 72.95, 75.41, 75.48 (C-2,3,4,5), 90.47, 90.52 (C-l), 167.14, 167.43 (CONH)' 
179.25, 179.35 (COOH). MS: Calcd for C 12 H 18 N 4 0 7 : 330.2. Found: 331.0 
[M+H]+, 353.0 [M+Na]+. 

2. N-Acyl 4^arboxymethyl-piperidine derivatives: 

GM 4435: 97 mg, 'H-NMR (D 2 0) 5 1.19 (2d, 6H, 2, CH 3 Fuc), 1.18 (m, 4H, 2x CH 2 Carb.isonip 
25 covered by CH 3 ), 1.82 (m, 4H, 2x CH 2 Carb.isonip), 2.04 (m, 2H, 2x CHCarb.isonip), 2.72 
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(m, 2H>. 3.09, 3.22 ,2, 2H rs^^, y) , 3.78 (d, 2H), 3.84 (dd, 2H). 3.93 (m , 2H>, 4.06 ( m 2H> 
4.25 ( ra , 2H,, 4.37 (bd, 2„), 4.88, 4.92 (2d, 2H, "C-NMR (D.O) a ,5.05, ,6.27 (CH^c/ 
3,,4, 31,3, „.», 32.46, 40.44. 40.65, 42.35, 42.69, 46.37, 46.74 (CaCarb.isonip) 3^ 75 

5 !co™ n,to 67 "' 68 06 70 - 37 ' 70 - 42 ' 7 '- 5 '- 7, • 6, • 71 ' 68 ' 7I " (C "'^^ '«"*> 
(CONH, ,77.6, (COOH). MS: Oa,cd f„ r C,.„„NO,: 3,7,. Pound: 3,7 0 [M, + 
340.0 [M+Na]+. 1 J ' 

OM 4436: S3 mg , 'H-NMR (0,0, 6 ,,2, ,,4 (2d, 6„, 2x CH,P uc) , ,,0 ( m , 4a 
CH ^.,^, , . 79 (m _ m 2x ^ . oifip) 2 (ra> jH _. CHCarb isonj -- - 2 ^ 

(m,4H, 2x CH^arb.isonip), 2.86 (m, 2H), 3.,6 (m, 2H), 3.74 (m, 4H), 3.95 ( m 6H) 4 38 
.0 <„, 4H>. '.-NMR (Dl0) . 15 , 3 , ,, 97 ( , CHjFuc) _ 29 29ax n 3 , H ( ~ 

56 I" ^ 32 '° 5 ' ^ 32,0, 32.74 (CH Car , iS o„ p ,' 

8 1 ' 68 ' 5 °- 70 ° 3 ' 7 '- 74, 73 66 - 73 72 (C -- 2 ^ «™ (CONH 

.06, ,7„2 (COOH,. MS: Ca,od tor C.^HO,: 33,,. P„ un d: 332.0 M +H)+ 
354.0 [M+Na]+. 

,5 OM 4464: 87 mg , 'H-NMR (0,0) , ,.22 (m , 4H, 2, CH^Usonip), ,,2 ( m , 4a 2 X 

3T" SOmP) ' 5 ^ ^ CHCarb ^ ™ «. 3X CH.Ca*. isonip), 2.95 
-0 2 , 2„>, 3,8 < m , 2„, CH^,^, 3,6 ( m , 2fJ) , 3.67 ft 2H), 3.72 ft 2H), 3 78 ( m 
HU.84 ( 4H) , 3 , 2 (2d , 2H) , 3 , 9 (m> 2HX 4 J8 (m> , )c nmr ^ 5 si • 

0 CHC b \ 32 ' 52 - 40 - 38, 40 ' 42 - 42 - 72 ' 46 ' 54 ' <- CH lCarb . isonip) , 3,67 (2* 

,2^1 3472 (CH "~ ) - (C - 6) ' 67 - 45 ' 7077 - ™* ™* ™ <* C 

1 ,2,3,4,5), 1 70.57 (CONH). 
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Example 8 

Library Synthesis on ACT MOS 469 

The following are protocols for the synthesis of three cores bonding to Wang resin and 
the analytical results of the compounds synthesized from the automation libraries. The following 
5 three cores were synthesized using the method of Example 6: 

1 . Wang resin bond N-Fmoc-L-thiazolidine-4-carboxyIic acid: 
Loading level: 0.58mmol/g ... _ 

2. Wang resin bond N-Fmoc-4-aminobutyric acid: 
Loading level: 0.48mmol/g 

3. Wang resin bond 2-Fmoc-tetrahydroisoquino!ine-3-carboxylic acid: 
Loading leval: 0.52mmol/g 

Analytical Results: 

1 . N-Acyl-L-thiazolidine-4-carboxylic acid derivatives are shown in Table O: 

GM4783 : 40.4 rag. 
15 GM4784: 85 mg, MS: 322.2(M+H)+, 344.2(M+Na)+. 

GM4785: 80 mg, MS: 336.3(M+H)+, 358.2(M+Na)+. 

GM4786: 89 mg, MS: 338.4(M+H)+, 360.2(M+Na)+. 

GM4787: 70 mg, MS: 352.2(M+H)+, 374.3(M+Na)+. 

GM4788: 66 mg, MS: 338.1(M+H)+, 360.2(M+Na)+. 
20 GM4789: 73 mg, MS: 352.1(M+H)+, 374.1(M+Na)+. 

GM4790: 52 nig, MS: 254.3(M+H)+. 
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2. N-Acyi .errahydroisoquino.ine cartoxyiic acid derivatives are shown in Table M- 

GM479I: 27 mg, MS: Calcd for C.^.NO,: 35U. Found 350.3 [M-Hl- 374 - 
[M+Na]+. J ' * J 

GM4792: 82 mg, MS: 366.4(M+H)+, 388.4(M+Na)+. 
5 GM4793: 67-mg, MS: 380.1(M+H)+, 402.1(M+Na)+. 

GM4794: 1 12 mg, MS: 382.4(M+H)+, 404.4(M+Na)+. 
GM4795: 93 mg, MS: 396.2(M+H)+, 418.4(M+Na)+ 
GM4796: 94mg,MS: 382.4(M+H)+, 404.3(M+Na)+. 

GM4797: 1,7 mg, MS: Calcd fo r C 19 H 25 NO, 395.2. Found 394.3 [M-Hl- 4,8^ 
10 [M+Na]+, 396.3 [M+H]+. 1 ] ' 4I8 ° 

1M+N r 4798: 58 m8, ms: ca,cd f ° r c,,h " no,: 29?i - *- ^ 

3. N-Acyl p-alanine derivatives are shown in Table I: 
3.1 Dipeptides: 

.5 OM474,: 47 mg, 'H-NMR (DMSO-d6-DiO) 8 2.52 ft 2H), 3.48 (t, 2H), 6.86 (dd, 1H P h ) 73 8 

m. 4 „«. ,28.39, I34 . 05(Ph) , m51 (cqph) 168 72(conh) ]73 2 ^ > s 

Calcd for C„H„NO <: 209.7. Found: 208.3 (M-H>. 

OM4742: 58 mg, 'H-NMR (DMSO^O) 6 2.42 ft 2H), 3.02 ft, H.3-8.8 nz H-2) 3 20 ft 
* ,H,«.0H Z >,3.64 W 1 H, J 4,5= 9 , rl2 H-5 ) ,4.5, * ,H, ,,,2=8.8 „ z „,, 

l^zr 33 - 8 ^^ 

.73,3(COOH>. MS: Caicd for C^N.O,: 290.0. Found: 289.2 (M-H>, 403.2(M + TFAK 

LA-2804 
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GM4743: 61 mg, 'H-NMR (DMSO-d6) 5 1.15 (d, 3H, CH 3 Fuc), 2.23 (dd, 1H, CHJ, 2.38 (t, 2H, 
CH 2 ), 2.48 (dd, IH, CH 2 ), 3.25 (m, 2H, CH 2 Fuc), 3.42 (dd, 1H), 3.51 (dd, 1H), 3.64 (dd, 1H), 
3.75 (m, 1H), 4.14 (m, 1H, H-l), 7.96 (PhOH). ,3 C-NMR (DMSO-d6) 5 16.30 (CH 3 Fuc), 32.86, 
34.07, 34.73 (2x CH 2 and CH,Fuc), 67.62, 67.78, 70.50, 70.74, 71.82 (C-1,2,3,4,5), 171.08 
5 (CONH), 173.02 (COOH). MS: Calcd for C,.H 19 N0 7 : 277.1. Found: 276.2 (M-H)-, 412.1 
(M+TFA+Na). 

GM4744: 64 mg, 'H-NMR (DMSO-d6) 5 2.23 (dd, IH, CHJ, 2.35 (t, 2H, CHJ, 2.46 (dd, IH, 
-CH 2 ), 3.21 (m, 2H, CH 2 Gal), 3.36 (dddd, IH, H-5), 4.16 (m, IH, H-l), 7.91 (PhOH). "C-NMR 
(DMSO-d6) 5 333.26, 34.1 1, 34.96 (2x CH 2 and CH 2 Gal), 59.80 (C-6), 67.82, 68.56, 70.64, 
10 70.88, 73.50 (C-1,2,3,4,5), 171.45 (CONH), 173.25 (COOH). MS: Calcd for C n H 19 N0 8 : 293.1. 
Found: MS 292.3 (M-H)-, 406.3(M+TFA)-. 

GM4745 : 71 mg, 'H NMR (D 2 0) 5 2.48 (dd, Ja,e=4.89 Hz, J=14.9 Hz CHJ, 2.58 (t, 2H, CH 2 ), 

2-74 (dd, IH, CH 2 ), 3.44 (t, 2H), 3.53 (m, IH), 3.65 (t, IH), 3.74 (t, dd, 2H, H-3), 3.86 (dd, IH,' 

J2,3=3.3 Hz H-2), 4.30 (dddd, IH, Jl,2=2.1 Hz H-l). I3 C-NMR (D 2 0) 5 33.70, 35.44, 35.57 (2x 

15 CH 2 and CH 2 Man), 61.14 (C-6), 67.30, 70.78, 71.03, 74.72, 75.36 (C-1,2,3,4,5), 172.87 

(CONH), 176.37 (COOH). MS: Calcd for C„H 19 N0 8 : 293.1. Found: MS 292.3 (M-H)-, 406.3 
(M+TFA)-. 

3.2 Tripeptide: 

GM4869: 48 mg, MS: Calcd for C I2 H M N 2 0 9 : 336.1. Found 335.2 [M-H]-, 359.1 [M+Na]+. 
GM4870: 93mg,MS: Calcd for C^N^: 334.1. Found 333.2 [M-H]-, 357.2 [M + Na] + . 
GM4871: 92 mg, MS: Calcd for C u H 24 N 2 0 8 : 348.1. Found 347.4 [M-H]-, 371.4 [M + Na] + . 
GM4872: 71 mg,MS: Calcd for C 13 H 22 N 2 0 9 : 350.1. Found 349.4 [M-H]-, 373.3 [M + Na]-K 
GM4873: 62 mg, MS: Calcd for C M H 24 N 2 0 9 : 364.1. Found 363.4 [M-H]-, 387.4 [M+Na]-h 
GM4874: 124 mg, MS: Calcd for C^N^: 350.1.1^1 349.3 [M-H]-, 373.3 [M + Na]+. 
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GM4875: 84 rag, MS: Calcd for C.^O,: 364... Found 363.2 [M-H]-, 387.3 [M+Na]+. 
OM4876: ■ Smg.MS: Ca.cd for CH^O,: 266.,. Found 265.3 fM-HJ-, 289.3 [M+Na]+. 
4. N-AcyI-4-amino-buryric acid derivatives are shown in Table H: 

4.1 Dipeptides: 
5 GM4771: 45 mg. 

GM4772: 65 mg, MS: 292.2(M+H)+, 314.2(M+Na)+. 

_._ GM4773: 68 mg, MS: 306.1(M + H)+, 328.2(M + Na) + . " 

GM4774: 65 mg, MS: 308.4(M+H)+, 330.4(M+Na)+. 
GM4775: 59 mg, MS: 322.3(M+H)+, 344.2(M + Na)+. 
10 GM4776: 67 mg, MS: 308.3(M+H) + , 330.3(M + Na) + . 
GM4777: 68 mg, MS: 322.3(M+H)+. 
GM4778: 57 mg, MS: 224.4(M + H) + , 33 1 .3(M+Na) + . 
4.2 Tripeptides: 

GM4879: 23 mg, MS: 35I.5(M+H)+. 
15 GM4880: 54 mg, MS: 349.2(M+H)+. 
GM4881: 82 mg, MS: 364.2(M+H)+. 
GM4882: 93 mg, MS: 366.2(M + H)+, 388.2(M + Na) + . 
GM4883: 83 mg, MS: 379.3(M+H)+. 
GM4884: 73 mg, MS: 365. 1 (M+H)+, 388.3CM+Na)+. 
20 GM4885: 87mg,MS: 379.1(M+H)+. 
GM4886: 31 mg,MS: 281.2(M+H)+. 
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Example 9 

Dithiocarbamates and thiourea derivates 

The following compounds shown in Table Q were synthesized according to the teachings 
of the above examples. Additional teachings are provided for each compound. 

5 1. Isonipecoticcarbodithioates 

GM4509andGM4513 

2,3,4,6-tetra-0-acetyl-p-D-galactopyranosyl-l-(4-ethoxycarbonyl-piperidinecarbo- 
dithioate). Ethyl isonipecotate (0.15 mL, 1.0 mmol) was added to a stirred suspension of sodium 

hydride (1.0 mmol) in N,N-dimethylformamide (10.0 mL) at 0 o C . After ten minutes, carbon 
10 disulfide (1.2 mmol) was added dropwise, and the mixture was stirred for an additional thirty 
minutes. A solution of 2,3,4,6-tetra-O-acetyl-b-D-galactopyranosyl bromide (0.41 g, 1.0 mmol) 
in N,N-dimethylformamide (5.0 mL) was then added dropwise. The mixture was allowed to 
warm up to room temperature and the stirring was continued for three hours. It was poured onto 
ice-water, and the mixture was extracted with chloroform (2x 50 mL). The organic layer was 

1 5 separated and it was washed with 2M hydrochloric acid and water. The solvent was evaporated 
and the residue was subjected to column chromatography (hexane-acetone 4:LE7:3) to obtain the 
title product, 0.51 g (91%). 1H-NMR (CDC1 3 ) d 1.23 (t, 3H, CH 2 CH 3 ), 1.88 (m, 2H, 
CH 2 isoniopecotic), 2.00, 2.04, 2.16 (3s, 12H, COCH 3 ), 2.66 (m, 1H, CHisonip.), 3.48 (m, 2H, 
CH 2 isonip.), 4.14 (m, 5H, CH 2 CH 3 , H-3,5,6a), 4.36 (m, 1H, CH 2 isonip), 5.12 (m, 1H, 

20 Cffiisonip), 5.20 (dd, 1H, J5,6b=3.44 J6a,6b=9.8 Hz Hz H-6b), 5.48 (d, 1H, J4,5=3.5 Hz H-4), 
3.50 (t, 1H, J2,3=10.3 Hz H-2), 5.88 (d, 1H, Jl,2=9.6 Hz H-l). 13 C -NMR (CDCI3) d 14.20 
(CH 2 CH 3 ), 20.58, 20.69, 20.77, 20.84 (COCH 3 ), 27.50, 27.92 (2bs, CH 2 isonip), 40.32 
(CHisonip), 49.58, 51.18 (2bs, CH 2 isonip), 60.90, 61.22 (C-6, CH 2 CH 3 respectively), 66.01, 
67.42 72.25, 74.99 (C-2,3,4,5), 87.67 (C-l), 169.88,_1 70.25, 170.44 (COOCH 2 CH 3 , COCH3), 

25 191.5 (C=S). MS: Calcd. for C23H33NO1 iS:563.1. Found: 564.0 [M+H]+. 
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3-D-galactopy^^ ^ ^ ^ 

mmol) protected derivative was deacetvlated in eth^wi a r * • i_ 

c^cetyiatea in ethanol (10 mL) with sodium ethoxide (pH 9) 

The reaction mixture was neuttaljzed wi(h AQ ^ g ^ ^ ^ ^ 

was evaporated to give the titie product quantitative,, (0 .30 g). , H .NM R (CD30D) d , 24 

3. 8 (2,, 2„, Hsugar), 3. 57 (dd , 1H> J5 , 6b . 3 .3 ^ ^ 2 ^ ^ 3 ^ 3H 

«- Hsugar,, 3.S4 (t, ,H, ,2,3=,0.0 Hz H-2), 3.95 (d, ,„, J4 , 5 . 3 . 2 Hz ^ " * 

CH;CHj), 4.50 (os, !H . aysonip), 4.25 (bs, ,H, CH ; iso„ip), 5.62 (d, ,„, „,2-,0 4 Hz H-,)' 
>3 C . NMR (CD3CD) , , 4 30 (CH!CHa ^ . sonjp)) ^ ^ ^ ^ 

Cl5H 2 5N0 7 S:395.I. Found: 396.4 [M+HJ+. 

0.25 g (0.63 mmo,) ethy, ester was 
Mrohzed i» S ™L2M sodium hydroxide foll „„ed hy neuron ^ AO 50w . x , 

— ge resin to obtain the fina, product 0.2, g (90 % , M S: Ca,cd J 
'5 Cl3H 2 lN0 7 S:367.l. Found: 368.0 (M+H]+. 

OM 4895: To a solution of ethyl isonipecotate (0.21 mL, 1.37 mmol) in 
N : N-dtae my , formattli de (,0 mL), sodium hydride (,.3 7 mmoi, was added and the mixture was 
stirred for ,e„ minu,e, After cooHng ,„ 0 »C, carbon disuse (0. , mL, , .65 mmo,) was added 
dropw.se. and «he mixture was stirred for thirty minu.es. A solution of 

Nbromo.2^.4,^.acety l -«.L.fucop y ra„osy l )^e (0.48 g, ,.37 mmo.) in 
RN-dimemyUformamide (5.0 mL, was added dropwise. Tne mixrure was aUowed ,o warm up ,o 
^rntemperature and the stirring was continued until me bromide was consumed. Tne reaction 
nnxrure was poured on,o icwarer, and i« was extracted with chlotofonn (2x 50 mL) The 
«l— ,ayer was separated and i, was washed with 2iS hydrochloric acid and water. The solvent 
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reaction mixture was neutralized with AG 50WX-8 [H+] ionexchange resin and the solvent was 
evaporated. The resulting mixture was purified by column chromatography to give GM 4895 
(0.36 g, 64 %). iH-NMR (CD 3 OD) d 1.24 (d, 3H, CH 3 Fuc), 1.25 (t, 3H, CH 2 CH 3 ), 1.70 (2dddd ; 
2H, CH 2 isonip), 1.88-2.20 (m, 6H, CH 2 isonip and CH 2 CH 2 ), 2.75 (m, 1H, CHisonip), 3.16 (dddd, 
5 1H, CH 2 isonip), 3.46 (m, 2H, CH.CHJ, 3'.55 (dd, 1H), 3.61 (dd, 1H), 3.67 (dd, 1H), 3.93 (m, 2H, 
CH 2 isonip and H-5 respectively), 4.00 (dddd, 1H, H-l), 4.14 (dd, 2H, CH 2 CH 3 ). 13C-NMR 
(CD3OD) d 14.51 (CH 2 CH 3 ), 16.77 (CH 3 Fuc), 25.90 (CH 2 CH 2 ), 28.94 (CH 2 isonip), 34.66 
(CH,CH 2 ), 41.65 (CHisonip), 61.78 (CH 2 CH 3 ), 68.82, 69.63, 72.14, 72.87 (C-2,3,4,5), 75.94 
(C-l), 175.51 (COOCH 2 CH 3 ), 197.50 (C=S). MS: Calcd. for: C17H29NO6S2: 407.1. Found: 
10 408.0 [M+H] + . 

GM 4754 and GM 4755: Ethyl isonipecotate (0.21 mL, 1.37 mmol) in N,N-dimethylformamide 
(10 mL) was reacted with carbon disulfide (0.1 mL, 1.65 mmol) in the presence of sodium 
hydride (1.37 mmol). Then l-bromo-2-(2,3,4 5 6-tetra-0-acet y l-a-D-galacto P yranosyl)- e thane 
(0.54 g, 1.37 mmol) was added and the mixture to prepare the protected ethyl-piperidinecarbo- 
15 dithioate derivative. The reaction was worked up as described previously and the residue was 
deprotected in ethanol (20 mL) with sodium ethoxide. After neutralization with AG50 WX- 
8 [H+] ionexchange resin, the solvent was evaporated and the resulting mixture was purified by 
column chromatography (CHCl r methanol 4: 1 ) to give GM 4754 (0.33 g, 58 %). 1 H-NMR 
(CD3OD-CDCI3 2:1) d 1.24 (t, 3H, CH 2 CH 3 ), 1.80 (2dddd, 2H, CH 2 isoni P ), 2.04 (m, 4H), 2.72 
(m, 1H, CHisonip), 3.24 (dddd, 1H, CH 2 isonip), 3.44 (m, 5H), 3.62 (dd, 1H), 3.78 (m, 3H), 3.98 
(dd, 2H), 4.12 (dddd, 1H, H-l), 4.17 (dd, 2H, CH 2 CH 3 ). 13C-NMR (CD3OD-CDCI3 2:1) 
d 14.69 (CH 2 CH 3 ), 25.19 (CH.CH,), 28.50 (CHisonip), 34.28 (CH.CH,), 41.31 (CHisonip), 
61.81, 62.17 (C-6, CH 2 CH 3 respectively), 69.24, 69.99, 71.34, 72.48 (C-2,3,4,5), 75.68 (C-l), 
175.21 (CH 2 CH 3 ), 197.52 (C=S). MS: Calcd. for Ci7H29N0 7 S 2 :423.1. Found: 423.9 
25 [M+H] + . 
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0.29 g (0.78 -»!) ethyl e s,er „ hydroli2ed i,, 20 ^ 
by neu.raUza.ion with AG 50W-X8 [H + ] ionexchange resin ,„ obtain GM 4755 (0 26 g 97 v) 
' H-NMR (D 2 0, 70 -C) d ,.75 < 2 dddd, 2H , CH.isonip), 2.5, (m , 4H), 2. 8I (m , ,„, CHisoni ' ' 
3.30 (dddd, ,H, CH^sonip), 3.52 (m, 5H), 3.75 (m, 3H), 3.87 (ddd, ,H), 4.0, (2d* 2H) 4 ,5 
5 (ddd, ,„, „.,, ,3 C . NMR (D20 , 7fl „ Q „ 24 2? (cHiCHj) 275? ^ 

(CH^HJ, 40.40 (CHisonip), SlJ2 (C .6), 68 . 54 , 6 o. 2S , 70 . 28 , ^ 74 9o ^ 

.78.50 (COOH, ,96.43 (OS). MS: Ca,cd. forC, 5 H 2 5NO,S 2 :395,. Found: 395.8 W . ' 
GM 475 2 and GM 4769: Et hy, isonipecotate (0 . 21 ^ , J? ^ ^ ^ ^ ^ 
d.sulf,de(0., mL, ,.65 mmol) in .he presence of sodium hydride ( 2 .75 tnmo,, followed by 
■0 '*om 0 . 2 K2,3,4,6- K ,ra-0-aee.y 1 -a-D- n ^ opy ranosy 1 )-eu,ane (0.54 g, ,.37 mmo.) n , 
-con was worked up as described previous,y and U,e residue was de pro tec.ed in eu^o, (20 
»L)™h sodium epoxide. After neutralization win, AG50 WX-8 f H+ ] ionexchange resin the 
soiven, was evaporated and the resulting mixture was purified by co.umn chromatography ' 
(CHCl ) -me t ha„ 0 ,4:,),ogiveGM 4769 (0.31 g, 54 %). ' H-NMR (CDCI3) d ,.27(t,3 H 
CHXH,), ..82( m ,4H,,2.02<m, 2 H),2.,8(m, ,H),2.65(m, ,„, CHisonip), 3.25 (ddddm 
CH,iso„ip,, 3.47 (m, 4H>, 3.70, 3.80 (bs, 6H), 4.04 (dd, ,„>, 4.16 (d, 2H, CH ; C H) ). I3 C . N MR 
(CDCI3) d ,4.22 (CH : C Hl ,, 27.93 (CHosonip), 28 .37 (CH^HJ, 33.36 (C^CH,), 40 63 
(CHisonip,, 6..07 (CH : CH,), 61.75 (C-6), 67.30, 7,.96, 72.09, 73.87 (C-2,3,4,5), 77.48 (C„ 
m.SO^CH,). ,96.27(0-5). MS: Ca!cd. for Cl 7H 2 9N07S 2 :423,. Fo„nd:423.9 ' 
20 [M+H]+. 

0.27 g (0.63 mmol) e.hy, ester was hydrolized in 2 0 mL 2M sodium hydroxide, fo „ OW ed 
by neutralization with AG 50W-VR iti-i-i , 

3 ° W X8 ^ lone **ange resin to obtain GM 4769 (0.26 g, 95 %) 

MS: Calcd. for C 15 H25N07S 2 :395.1. Found: 395.9 [M+H]+. 
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2. Thiourea bound isonipecotates 

GM 4598 and GM 4633: To a solution of ethyl isonipecotate (0.15 mL, 1.0 mmol) in pyridine 
(5.0 mL) at 0°C, a solution of 2,3,4,6-tetra-0-acetyl-3-D-galactopyranosyl isothiocyanate (0.39 
g, 1.0 mmol) in pyridine (5.0 mL) was added. The mixture was stirred overnight at room 
5 temperature, then it was poured into ice-water, and the mixture was extracted with chloroform 
(2x 50 mL). The organic layer was separated and it was washed with 2M hydrochloric acid and 
water. The solvent was evaporated and the residue was subjected to column chromatography 
(hexane-aceton 4: lvE7:3) to obtain the protected thiourea, (0.53 g, 98 %). iH-NMR (CDCI3) 
d 1.26 (t, 3H, CH 2 CH 3 ), 1.66 (2dddd, 2H, CH 2 isonip), 1.88 (m, 2H, CH 2 isonip partially covered 
10 by the acetyls), 2.02, 2.03, 2.06, 2.07 (4s, 12H, COCH 3 ), 2.60 (m, 1H, CHisonip), 3.26 (m, 2H, 
CH 2 isonip), 3.90 (dddd, 1H, J5,6b=2.2 Hz, J5,6a=4.4 Hz, J6a,6b=10.1 Hz, H-5), 4.1 1 (dd, 1H, 
H-6b), 4.15 (dd, 2H, CH 2 CH 3 ), 4.28 (bs, 1H, CH 2 isoni P ), 4.36 (dd, 1H, H-6a), 4.51 (bs, 1H, 
CH 2 isonip), 5.01 (t, 1H, J3,4=9.6 Hz H-3), 5.07 (t, 1H, J4,5=9.8 HzH-4), 5.40 (t, 1H, J2,3=9.6 
Hz H-2), 5.86 (t, 1H, Jl,2= 9. 1 Hz H-l), 6.66 (d, 1H, J1,NH=8.4 Hz, NH). 13C-NMR (CDCI3) 
15 d 14.67 (CH 2 CH 3 ), 21.03, 21.04, 21.21, 21.27 (COCH 3 ), 27.93, 27.98 (CH 2 isonip), 40.78 

(CHisonip), 47.53, 47.97 (CH 2 isonip), 61.13, 62.22 (C-6, CH 2 CH 3 respectively), 69.00, 71.61, 
73.07, 73.62 (C-2,3,4,5), 84.40 (C-l), 170.16, 171.07, 172.26, 174.25 (COCH 3 , COOCH 2 CH 3 ), 
182.03 (C=S). MS: Calcd. for C23H34N2O1 iS:546.2. Found: 547.9 [M+H]+. 

0.48 g (0.88 mmol) protected thiourea was deacetylated in ethanol (10 mL) with sodium 
20 ethoxide. The reaction mixture was neutralized with AG 50WX-8 [H+] ionexchange resin and 
the solvent was evaporated to give the title product quantitatively (0.33 g). iH-NMR (CD3OD) 
d 1.24 (t, 3H, CH 2 CH 3 ), 1.68 (m, 2H, CH 2 isonip), 1.94 (bd, 2H, CH 2 isoni P ), 2.68 (m, 1H, 
CHisonip), 3.31 (m, 4H), 3.45 (t, 1H), 3.50 (t, 1H), 3.68 (m, 1H), 3.83 (dd, 1H), 4.07 (dd, 2H, 
CH 2 CH 3 ), 4.62 (t, 2H), 5.60 (d, 1H, Jl,2=8.6 Hz H-l). 13 C -NMR (CD3OD) d 53 (CH 2 CH 3 ), 
25 28.87 (CH 2 isoni P ), 41.75 (CHisonip), 48.63, 48.77 (CH 2 isonip), 61.69, 62.52 (C-6, CH 2 CH 3 
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respective*, 71.24, 73.58, 78.90, 79.24 (02,3,4,5, 86.96 (CM), ,75.86 (COOCH^H,, ,83.32 
(C-S). MS: Calcd.forCl5H26N207S 2 :378.2. Found: 379.1 [M+H]+. 

0.30 g (0.79 mmol) emyl es.=r was hydrolized i„ 5 mL 2M sodium hydroxide followed 
by neuron wilh AG J0W-X8 [H + , ^exchange r«si„ ,o obtain me final produc[ 0 27 
5 (97%, lH . NMR ( D20) d ,.74 (m , 2H, CH,iso„ip), 2.03 (m, 2H, CH,iso„ip), 2.76 (m ,„ 
CHrsonip, 3.3,-3.59 <m, 6H), 3.74 (dd, 1H, J5,6a-4.9 Hz, J6a,6b-12.I Hz H-6a). 3.89 (dd ,H 
i5,6b-2., Hz,, 4.44 (m, 2H), 5.63 (d, ,H, JU-8.2 Hz). I3 C -NMR (D 2 0) d 27.54 (CHrsonip) 
40.45 (CHisonip), 48.23, 48.3, (CH ; is„nip>, 60.85 (C-6), 69.53, 72., 1, 76.86, 77 57 (C-2 3 4 5, 
85.57 (C-I), 179.25 (COOH), 180.41 (OS). MS: Calcd. for C, 3 H22N 2 O7S:350., Found:' 
10 391.0 [M+H] + . 

Example 10 

N-acylated Glycomimetics 

Srrucura, glycomimencs shown in Figure ,0, a!so were designed t o mimic the ftmcnonal 
b.o,ogica, a=uvi,y of comp,ex carbohydra.es importan, ta C e„ adhesion such as siaiy, Lewis' 
1 5 (sLe ) and sialyl Lewis' (sLe"). 

The design of mese tfrucmra, g,ycomime.ics involved ,he acyla,ion of several phenol 
bearing aromauc suucrures proposed „ be capab,e of spanning , he necessary disuu.ce benveen 
0* carboxylic acid and me L-fucose hydroxy, group, We choose «, use a soHd phase rou* ,o 
these compounds since we were also inventing me exploit of carbon-giycosides in a 
smular fcshio, SoHd-phase .echnioues Have me advance ma, many comD<)lmds _ ^ 
prepared essentia,* a, me same time and mus save research time i„ me generation of .argefcd 
hbranes. TWs design explores me use of omer strucura, uniis besides L-fucose, » particular 
Phenol as po.en.ial calcium ion fcr ^ of 

adhes.on. TUs approach evolve, ta considering Unear and non-linear eharge-disunce- 
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pocket as opposed to constructing a replica of the shape and 3-D orientation of the complex 
oligosaccharide epitopes sLe*" and s-diLe x (figures 1 and 2). Thus, a proposed distance (8-12 
angstroms) between the carboxylic acid of the sialic acid sugar and the Ca 2+ coordinating ability 
of the L-fucose was our initial starting point for our design. 

5 The following is a set of procedures that were utilized to synthesize the compounds of 

Figure 1 1 . 

Materials and Methods 

The commercial Wang's resin (from Sigma with loading level of 0.7 mmol/g) was 
washed with the following solvents in the same order: DMF, MeOH, H 2 0, MeOH, THF and 
10 CH 2 C1 2 . High purity of solvents is recommended. The prewashed resin was dried in high 
vacuum overnight. 

4-Dimethylaminopyridine (DMAP) (128.3 mg, 1.05 mmole) was dissolved in DMF (11 
mL) and CH 2 C1 2 (26 mL) to make a DMAP solution. N-Fmoc-protected isonipectic acid (3.70 
g, 10.5 mmole) was dissolved in DMF (1 1 mL) and CH 2 C1 2 (26 mL). To the acid solution was 
added 1,3-diisopropylcarbodiimide (1.65 mL, 10.5 mmole) and the mixture was allowed to stand 
at room temperature for 2 minutes. Then to the solution was added the prewashed and dried 
Wang's Resin (5.00 g, 0.7 mmol/g, 3.5 mmole), followed by addition of DMAP solution. The 
mixture was gently stirred at room temperature for 16 hrs. The resin solution was filtered and the 
resin was washed with DMF (750 mL) and CH 2 C1 2 (750 mL). The final washing solution was 
20 checked by TLC and no chemical compounds could be detected. The resin was dried in high 
vacuum over-night and 6.20 gm of coupled resin was obtained. It has been determined that the 
coupled resin has the loading level of 0.54 mmole/g through Fmoc quantitative analysis. 

The coupled resin (200 mg, 0.108 mmole) was put in a 12 mL polypropylene cartridge 
with PE fit and the cartridge was stoppered with a rubber septa. To the cartridge was added 20% 
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piperidine in DMF (5 mL). The mixhrre was kcpt at „,„„, Kmperature fcr , ^ ^ ^ ^ 
solution was leased. To ft. cartridge was added softer portion of 20% piperidine in DMP (5 
mL). The mixmre was xep, for 20 minu.es a, room temperas. The solution was rdeased and 
*e resm was washed win, DMF (5 mL x ,0) and CH 2 C.2 (5 mL x 10), The resin was dried 

under vacuum for 2 hours. 

HOA. (88.2 mg, 0.648 mmole. 6 equivalent, was dissolved in DMF (3.2 mL) To >he 
solution was added acetylated gaUie «ld 060.0 mg, 0.54 mmole, 5 eouivalen,) and > 3- 
dnsopropylcarbodiimide (68,1 mg, 0.54 mmole, 5 equivalent, A co.orless Motion was oUamed 
wh,ch was .referred «o me dry resin cartridge and .he resin became yellow immediacy The 
yellow color faded gradually and disappeared in abou, 1 hour which indicated the acy,a.io„ was 
Cose ,o completion. The resin mix,ure was k ep. in me cartridge a. room temperature over nigh, 
for fte completion of acylation reaction. The solution was released ar,d me resin was washed 
«* DMF (5 mL x ,0), methano, (5 mL x ,0) and CH 2 C, 2 (5 mL x !0). The resin was dried 
under vacuum for one-half hour. 

Hydrazine ace«e (97.9 mg, 1.08 mmole, ,0 equivalent) was dissolved in methanol (, 
mL, and DMF (4 mL) and me solution was added to the resin cartridge. The mixture was kep, a, 
room temperature for 4 hours. The solution was rdeased and the resin was washed with DMF (5 
-L x m methanol (5 mL x 10) and CH 2 C, 2 (5 mL x ,0). The resin was dried under vacuum 

for 1 0 minutes. 

To the resin cartridge was added 50% TFA in ru.n, t x ^ , 

DU/o itA m CH 2Cl2 (5 mL) and the mixture was kept 

a. room temperature for one-half hour. The TLC of me solution showed a sin g .e spot for the 
product. The solution was released and the resin was washed with CH 2 C1 2 . The combined 
solution was evaporated and dried under high vacuum over nigh,. The crude product was 
punned on a reveled phase ocadecy! silica gel Cot in* glass buchner funnel eluung witi, water 
.0% methanol in water, and 20% met han ol in wa«r to provide fte product fiaction. After 
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evaporating methanol and lyophilization, a white amorphous solid was obtained (16.2 mg, 53% 
yield). 1 H- and 13 C-NMR showed it was very pure product. 

The compounds of Figure 10 were synthesized using the techniques described herein and 
characterization data for each of these compounds is provided below. 

5 GM 4391: 56% yield. I H NMR (CD3OD): 5 7.43 (d, 1H, J= 15.3 Hz, H-b), 7.04 (d. 

IH, J = 2.0 Hz. H-2'), 6.96 (dd, IH, J- 8.2 Hz, J = 2.0 Hz, H-6'), 6.86 (d, IH, ./ = 15.3 Hz, H-a) 
- 6.76 (d, IH, J= 8.2 Hz, H-5'), 4.42 (bd, ~1H, ./ = 12.2 Hz, H-2e or H-6e), 4. 1 6 (bd, 1H,J=12 8 

Hz, H-6e or H-2e), 3.30 (m, IH, H-2a or H-6a), 2.96 (m, IH, H-6a or H-2a), 2.61 ( m , IH, H-4), 

1.98 (m, 2H, H-3e and H-5e), 1.63 (m, 2H, H-3a and H-5a). 13 C NMR (CD3OD): 6 178.13 
10 (COOH), 168.24 (0=CN), 148.86 (C-l'), 146.67 (C-4'), 144.91 (C-b). 128.54 (C-3'), 122.26 (C- 

a), 1 16.46, 1 15.32 and 1 14.61 (C-2', C-5' and C-6'), 46.41 and 42.95 (C-2 and C-6), 42.02 (C-4), 

30.13 and 29.26 (C-3 and C-5). MS (POS ESI): m/z 292 (M+H) + . 

GM 4392: 3 9 o/o yield. 1 H NMR (CD3OD): 6 6.66 (d, IH, J = 7.9 Hz, H-5'), 6.63 
(d, lH,y=2.0Hz,H-2'),6.51 (dd, lH,y= 7.9 Hz,y= 2.0 Hz, H-6'), 4.42 (ddd, IH,J= ,4.2 Hz, 
15 J = 3. 9 Hz, y = 2.8 Hz, H-2e or H-6e), 3.80 (ddd, IH, J = 14.7 Hz, y = 3.7 Hz, J= 2.8 Hz, H-6e 
or H-2e), 3.05 (ddd, IH, J = ,4.7 Hz, J = 1 , .3 Hz, J = 2.0 Hz, H-2a or H-6a), 2.82 (ddd, IH, J = 
14.3 Hz, J = 1 1.3 Hz, J = 3.0 Hz, H-6a or H-2a), 2.74 (t, 2H, J = 7.6 Hz, H-a), 2.60 (t, 2H, J = 
7.6 Hz, H-b), 2.51 (m, IH, H-4), 1.85 (m, 2H, H-3e and H-5e), 1.47 (m, 2H, H-3a and H-5a). 
13 C NMR (CD3OD): 8 177.96 (COOH), 173.46 (0=CN), 146.27, 144.72 and 133.67 (C-l', C-3' 
andC-4'), 120.65, 116.58 and 116.37(C-2-, C-5' and C-6'), 46.43 and 42.24 (C-2 and C-6), 41.72 
(C-4), 36.06 (C-a), 32.33 (C-b), 29.63 and 29.03 (C-3 and C-5). MS (POS ESI): 294 
(M+H) + . 

GM 4393 : 54-Zo yieid. 1 H NMR (CD3OD): 6 6.49 - 6.42 (m, 2H, H-2' and H-5'), 
6.32 (m, IH, H-6'), 4.77 (m, IH, H-a), 4.00 ( m , l H , H-2e or H-6e), 3.37 (m, IH, H-6e or H-2e),' 
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2.58 (m, 4H, H-2a, H-6a and H-b), 2.23 (m, 1H, H-4), 1.73 ( s , 3H, NHCOCH3). 1.65 - 1.15 (m , 
4H, H-3e, H-5e, H-3a and H-5a). 13 C NMR (CD 3 OD): 8 177.79 and 177.70 (COOH), 172.69 
(O-CN), 171.96 and 171.84 (NHC.OCH3), !46.43 and 146.28, 145.52 and 145.36. 129.31 and 
129.12 (C-r, C-3' and C-4'), .21.71, 1 ,7.46, 1 16.44 and 116.32 <C-2', C-5' and C-6% 51.88 and 
5 51.80 (C-a), 46.41 and 46.17, 42.62 (C-2 and C-6), 41.51 (C-4), 39.08 and 38.96 (C-b) 19 45 
and 29.12, 28.85 and 28.71 (C-3 and C-5), 22.26 (NHCO£H3). MS (POS ESI): ,„/; 35, 
(M+H) + . 

OM 4394: 46% yield. 'HNMR (CD3OD): 5 6.70 (d, 1H, J= 8.0 Hz, H-S* 6.67 (d, 1H, 
J' 2.0 Hz, H-2'), 6.55 (dd, 1H, J= 8.0 Hz, J- 2.0 Hz, H^, 4.33 (ddd, ,H, J- ,3.2 Hz, J = 4 0 

10 Hz, J. 2.7 Hz, H-2= or H-6e), 3.90 (ddd, IH.J- 13.7 Hz, J- 3.7 Hz, y - 2.8 Hz, H-6e or H-2e) 
3.6. (s,2H,H-a), 3.10 (ddd, 13.7Hz.y- ,,.3 Hz,./ -2.8 Hz, H-2a orH-6a), 2.84 (ddd! 

lH.y- I3.71fc.y- ,1.5Hz,y.3.0Hz,H-6aorH-2a),2.51 (rn, ,H,H-4), ,. 8 9(m, ,H,H-3=or 
H-5e), 1.76 (m, ,H, H-5e or H-3e), 1.51 ( m , 1H, H-3a or H-5a), ..34 (m , ,H, H-5a or H-3a). 
l^C NMR (CD3OD): 8 177.98 (C.OOH), 1 72.49 (0-£N), ,46.62, 145.28 and .27.61 (C-r C-3' 

15 and C^, ,20.85, 1 ,6.57 and 116.48<C-2', C-5' and C-6'), 46.83 and 42.42 (C-2 and C-6), 4..70 
(C-.), 4..08 (C-a), 29.48 and 29.97 (C-3 and C-5). MS (POS ESI): m/z 280 (M + H)+. 

OM4395: 58% yield. I H NMR (CD3OD): 86.84 (d, !H,y- ,.8 Hz, H-2'), 6.81 (d 1H 
J' 8, Hz. H-5',, 6.76 (dd, 1H, J = 8.1 Hz, J - 1.8 Hz, H-60, 4.34 (m, 1H, H-2e or H-6e), 3.88 
Cm, 1H, H-6e or H-2e), 3.09 ( m , 2H, H-2a and H-6a), 2.61 (m> 1H, H-4), 1.94 (m, 2H, H-3e and 
20 H-5e), ..66 (m, 2H, H-3a and H-5a). 13c NMR (CD 3 OD): 8 178.00 (COOH), 172.93 (0-C.N), 
148.57, 146.43 and 127.93 (C-r, C-3' and C-4,, ,20.25, 1.6..4 and 115.44<C-2', C-5' and C-6') 
46.93 and 42..0 (C-2 and C-«>, 4,.92 («), 29.67 and 29.48 (C-3 and C-5). MS (POS ESI): 
m/z 266(M+H)+. 
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GM 4396: 89% yield. 1 H NMR (CD 3 OD): 8 6.99 (d, 1H, J = 1.8 Hz, H-2'), 6.89 (dd, 
1H, J = 8.1 Hz, J= 1.8 Hz, H-6'), 6.83 (d, 1H, J = 8.1 Hz, H-5'), 4.35 (m, 1H, H-2e or H-6e). 
3.86 (s, 3H, OCH3), 3.84 (m, 1H, H-6e or H-2e), 3.12 (m. 2H, H-2a and H-6a), 2.61 (m, 1H, H 
4), 1.94Cm,2H,H-3eandH-5e), 1 .67 (m, 2H, H-3a and H-5a). 13c NMR (CD3OD): 5 177.92 
5 (COOH), 172.77 (0=CN), 149.73, 149.00 and 127.83 (C-l', C-3' and C-4'), 121.54, 1 15.99 and 
1 12.03 (C-2\ C-5' and C-6'), 56.49 (OCH3), 46.93 and 42.10 (C-2 and C-6), 41.87 (C-4), 29.50 
and 29.44 (C-3 and C-5). MS (POS ESI): m/z 280 (M+H) + . 

GM 4397: 73% yield. 1 H NMR (CD3OD): 5 6.97 (d, 1H, J = 9.9 Hz, H-5'), 6.88 (d, 1R 
J =2.1 Hz, H-2'), 6.87 (dd, 1H, J= 9.9 Hz^= 2.1 H-6'), 4.38 (m, 1H, H-2e or H-6e), 3.87 (s 3H 
•0 OCH 3 ), 3.84 (m , lH,H-6eorH-2e),3.1, (m, 2H, H-2a and H-6a), 2.61 (m, 1 H , H-4), 1.94(m ? 
2H, H-3e and H-5e), 1.66 (m, 2H, H-3a and H-5a). B C NMR (CD3OD): 5 177.91 (COOH). 
172.60 (0=CN), 150.64, 147.74 and 129.35 (C-l', C-3' and C-4'), 1 19.94, 1 15.16 and 1 12.35 (C- 
2>, C-5' and C-6'), 56.41 (OCH3), 46.93 and 42.99 (C-2 and C-6), 41.87 (C-4), 29.61 and 29.31 
(C-3 and C-5). MS (POS ESI): m/z 280 (M+H)+. 

15 GM 4357: 44% yield. 1 H NMR (CD3OD): 8 6.40 (s, 2H, H-2' and H-6'), 4.35 

(m, 1H, H-2e or H-6e), 3.89 (m, 1H, H-6e or H-2e), 3.19 (m, 2H, H-2a and H-6a), 2.61 (m, 1H, 
H-4), 1.94 (m, 2H, H-3e and H-5e), 1.65 (m, 2H, H-3a and H-5a). 13 C NMR 
(CD3OD): 8 178.03 (COOH), 173.04 (0=CN), 146.99 and 127.08 (C-l', C-3', C-4' and C-5'), 
107.29 (C-2' and C-6'), 46.93 and 42.99 (C-2 and C-6), 41.95 (C-4), 29.67 (C-3 and C-5). MS 

20 (POS ESI): m/z 282 (M+H)+. 

GM4409: 47% yield. 1 H NMR (CD3OD): 8 7.42 (d, 1H, J = 15.4 Hz, H-b'), 7.03 (d, 
1H, J = 2.0 Hz, H-2'), 6.95 (dd, 1H, J = 8. 1 Hz, J= 2.0 Hz, H-6'), 6.85 (d, 1H, 7= 15.4 Hz, H-a')' 
6.76 (d, 1H, J= 8.1 Hz, H-5'), 4.57 (bd, 1H, J = 13.6 Hz, H-2e or H-6e), 4.20 (bd, IK, J = 13 . 2 
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H. H-6e . „. 2e) , 3,4 (bt, IH, ./ = 12.4 Hz, H- 2 a o r „-6a>, 2 .73 I2 . 5 ^ „ 

H-aa,, 2 ,4 <d, 2 „,^ , 0 H , H . a)> , M (m m ^ _ m ^ m h ^ ^ h ^ 

2H, „.3a and „. 5a , 13c NMR <CD 3 OD ): 5 ,76, 2 ffioOH), ,6S,0 (O^N), , 48 81 (c .,,' 
,46,4 ,C„, ,44.73 ( C- b ,, I2 , 55 (C ,,, 122 . 25 ^ , U5 30 ^ ■ 

5). MS (POS ESI): m/z 306 (M+H) + . 

GM44.0: 4.*** 'H NMR (CD3OD): 8 6.66 (dj 1-H, y *-8.1 Hz, H-5'), 6.62 (d, 1H 

H6e),3.8 2 (bd, lH,y=, 2 .,Hz,H-6eorH- 2 e), 2 9 7fm 1H H 7, u .= . , 
1 a c a ^.y / <m, ih, H-2a or H-6a), 2.93 - 2 47 (m w 

10 H-6aorH. 2a ,H-a'a„dH-b'), 2 .16(d 2 H --,»„ „ , ^«7(m,5H, 

e w „-*,, ,.64 (m , 1H , H-3 e or H-5e), ,.06 (m , ,H, H-3a or H-5a,, 0. 8I (m , , H , H-3a o r H- 
5a .3c NMR (CI^OD): a ,76,7 CCOOH), ,73.37 (O^, ,46. 2 6, ,44.73 and ,33,4 CC-r 
ir " ,,6 - 40(C - 2 '- -0 and 43.0S ( C- 2 a n dC. ) ; 

« rr 3405 <c - b " 33,5 ^ 3260 - 3249 «» - - 

15 ESI): m/z 308 (M+H) + . 

GM44,,: 49% yield . 1h NMR (CD3OD): 6 6.7, * 6.49 (m, 3H, H- 2 ', H-5' and H-6') 
5* (n,, ,„, „.a,, 4.4 2 (m , IH , „. 2e or 3 , 4 (m , ^ „ ' 

.a ,63 (m , ,, H, „-3e and „-*,, ,43 (m , „, „, H . 3e ^ H . Se) , fc ^ ^ 

^z:::; r H - 3a - H - 5a) - 006 (m - ^ h - 3 ° - «* ■* - 

1^3 UU). 5 176.19 and 176.07 fCOOm 17-5 ^~w_y^~ 

(£OOH )' 172 <* (0=CN), l 7 i. 76 ^ 17 , ?1 

"1.72, 117.76 and 117.41, 116.56 and 116 29 fC 2' C V , a r> ^ , 

""•^ IV--* , <--5 and C-6'V 51 94 an H <;i so a/-' .\ 
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34.05 and 33.76 (C-4), 33.14, 32.49 and 32.29 (C-3 and C-5), 22.27 (NHCOCH3). MS (POS 
ESI): m/z 365 (M+H) + . 

GM 4412: 53% yield. 1 H NMR (CD3OD): 5 6.70 (d, 1H, J = 8.0 Hz, H-5'), 6.67 
(d, lH,y=2.0 Hz, H-2'), 6.54 (dd, 1H, J = 8.0 Hz. J = 2.0 Hz, H-6'), 4.55 (bd, 1H,J= 13.4 Hz, 
5 H-2e or H-6e), 3.95 (bd, 1H, J = 13.7 Hz, H-6e or H-2e), 3.60 (s, 2H, H-a'), 2.99 (dt, 1H, J = 
13.7 Hz,J= 13.7 Hz, J= 2.6 Hz, H-2a or H-6a), 2.62 (dt, 1H, J = 13.4 Hz, J = 13.4 Hz, J= 2.8 
Hz, H-6a or H-2a), 2.16 (d, 1H, J = 7.3 Hz, H-a), 1.94 (m, 1H, H-4), 1.75 (bd, 1H, J = 13.2 Hz, 
H-3e or H-5e), 1.63 (bd, 1H^= 12.2 Hz, H-5e or H-3e), 1.07 (m, 1H, H-3a or H-5a), 0.89 (m, 
1H, H-5a or H-3a). 13 C NMR (CD3OD): 5 176.07 (COOH), 172.39 (0=CN), 146.57, 145.23 
10 and 127.69 (C-l', C-3' and C-4'), 120.87 and 116.49 (C-2', C-5' and C-6'), 47.56 and 43.18 (C-2 
and C-6), 41.48 (C-a), 41.06 (C-a'), 34.05 (C-4), 33.09 and 32.55 (C-3 and C-5). MS (POS ESI): 
m/z 280(M+H) + . 

GM 4413: 72% yield. 1 H NMR (CD3OD): 5 6.83 (d, 1H, J = 1.8 Hz, H-2'), 6.80 
(d, 1H, J= 8.1 Hz, H-5'), 6.75 (dd, 1H,J= 8.1 Hz,J= 1.8 Hz, H-6'), 4.51 (m, 1H, H-2e or H-6e), 
15 3.89(m, lH,H-6eorH-2e),2.92(m,2H,H-2aandH-6a),2.26(d,2H,y=7.1 Hz, H-a), 2.07 (m, 
1H, H-4), 1.79 (m, 2H, H-3e and H-5e), 1.23 (m, 2H, H-3a and H-5a). 13 C NMR 
(CD3OD): 5 176.08 (COOH), 172.78 (0=CN), 148.47, 146.38 and 128.07 (C-r, C-3' and C-4'), 
120.24, 116.09 and 115.46 (C-2', C-5' and C-6'), 49.18 and 43.74 (b, C-2 and C-6), 41.49 (C-a), 
34.26 (C-4), 33.38 (b, C-3 and C-5). MS (POS ESI): m/z 279 (M+H) + . 

GM 4414: 82% yield. 1 H NMR (CD3OD): 5 6.98 (d, 1H, J = 1.8 Hz, H-2'), 6.88 
(dd, 1H, 7= 8.1 Hz, 7= 1.8 Hz, H-6'), 6.82 (d, 1H, 7= 8.1 Hz, H-5% 4.53 (m, 1H, H-2e or H-6e), 
3-86 (s, 3H, OCH3), 3.84 (m, 1H, H-6e or H-2e), 2.95 (m, 2H, H-2a and H-6a), 2.26 
(d, 2H, J= 7.1 Hz, H-a), 2.04 (m, 1H, H-4), 1.78 (m, 2H, H-3e and H-5e), 1.23 (m, 2H, H-3a and 
H-5a). 13 C NMR (CD3OD): 5 176.02 (COOH), 172.61 (0=CN), 149.63, 148.94 and 127.98 
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(C-1', C-3' and C-4'), 121.52, 115.95 and 11 2.03 (C-2', C-5' and C-6'), 56.48 (OCH 3 ), 49.18 and 
43.81 (b, C-2 and C-6), 41.47 (C-a), 34.26 (C-4), 33.08 (b, C-3 and C-5). MS (POS ESI): 
m/z 294 (M+H) + . 

GM 4415: 78% yield. 1 H NMR (CD3OD): 5 6.98 - 6.85 (m, 3H, H-2', H-5' and H-6'), 
5 4.54 (m , 1H, H-2e or H-6e), 3.87 (s, 3H, OCH3), 3.85 (m, 1H, H-6e or H-2e), 2.95 (m, 2H, H-2a 
and H-6a), 2.26 (d, 2H, J= 7.0 Hz, H-a), 2.04 (m, 1H, H-4), 1.79 (m, 2H, H-3e and H-5e), 1.24 
(m, 2H, H-3a and H-5a). 13 G NMR (CD3OD): 5 176.02 (COOH), 172.44 (0=CN), 150.55, 
147.67 and 129.49 (C-1', C-3' and C-4'), 1 19.92, 1 15.17 and 1 12.30 (C-2', C-5' and C-6'), 56.4l' 
(OCH3), 49.41 and 43.62 (b, C-2 and C-6), 41.47 (C-a), 34.25 (C-4), 33.36 and 32.72 (b, C-3 
1 0 and C-5). MS (POS ESI): m/z 294 (M+H) + . 

GM 4416: 50% yield. 1 H NMR (CD3OD): 5 6.40 (s, 2H, H-2' and H-6'), 4.46 (m, 1H, 
H-2e or H-6e), 3.89 (m, l H , H-6e or H-2e), 2.92 (m, 2H, H-2a and H-6a), 2.26 (d, 2H, J = 7.0 
Hz, H-a), 2.04 (m, 1H, H-4), 1.79 (m, 2H, H-3e and H-5e), 1.20 (m, 2H, H-3a and H-5a). 13 C 
NMR (CD 3 OD): 8 176.16 (COOH), 172.88 (0=CN), 146.93, 136.23 and 127.23 (C-l', C-3', C-4' 
and C-5'), 107.32 (C-2' and C-6'), 49.40 and 43.65 (b, C-2 and C-6), 41.57 (C-a), 34.28 (C-4), 
33. 1 0 (b, C-3 and C-5). MS (POS ESI): m/z 296 (M+H)+. 

Example 1 1 

Structural glycomimetics like GM4456, GM4341, GM4447, GM4484, GM4366 
GM4626, GM4516, GM4782, GM4740, GM4818, GM4781, GM4897, shown in Figures 12 and 
20 13 and Table U were designed according to the teachings herein to mimic the functional 
biological activity of complex carbohydrates important in cell adhesion such as sialyl Lewis* 
(sLe*) and sialyl Lewis' (sLe*). The sialic acid core compounds GM4877, GM4878, GM4896 
and GM4849 shown in Figure 13 may be used as intermediates in the preparation of these 
compounds which may be prepared according to the teaching disclosed herein. 
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In addition, all compounds shown in Figures 1-13 and in Tables A-U are intended to be 
part of the present disclosure even though some compounds are not specifically discussed herein. 
All of the compounds shown in the Figures and Tables may be prepared according to the 

teachings disclosed herein. 

5 Example A 

The Selectin Rolling Assay And The Effect Of sLe* and sLe* Glycomimetics On Neutrophil 
Attachment To Selectins 

Neutrophils roll along vessel walls, attach to the vessel, and then migrate into tissues at 
sites of acute inflammation. Selectins mediate the rolling and attachment of neutrophils. Thus, 
inhibition of neutrophil attachment to selectins indicates activity as a cell adhesion inhibitor and 
as an anti-inflammatory. Adhesion of leukocytes or HL-60 cells to P- and E-selectin under flow 
conditions in the presence of the compound to be assayed is measured according to the methods 
described by Patel, et al J. Clin. Invest. (1995) 96:1887-1896. 
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Adhesion of leukocytes or HL-60 cells to P- and E-selectin under flow conditions was 
assayed as follows. Fluid shear stresses present in the microvascular are simulated in a 
parallel-plate flow chamber. Jones, et al, Biophys. J. (1994) 65:1560-1569; Moor, et al, LCel], 
BioL (1995) 128:661-671. Leukocytes (10</ml) in HBSS/0.5% HSA are perfused throu S h the 
chamber at the desired wall shear stress. Leukocytes rolling is allowed to equilibrate for 4 min. 
on E- or P-selectin expressing Chinese Hamster Ovary ("CHO") cells or IL-ip, TNFcc or IL-4 
stimulated human endothelial cells and for 8 min. on selectin-coated plastic before data 
acquisition. Experiments comparing control and test leukocytes are performed in parallel 
chambers on the same culture dish. Leukocyte interactions are visualized with a x40 objective 
(field of view of 0.032 mm>) using phase-contrast video microscopy. Interactions are quantified 
using a computer imaging system (Sun Microsystem, Mountain View, CA; Inovision, Durham 
NC). The number of adherent or rolling leukocytes is measured by digitizing ^ ^ ^ 
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determining the number of cells that are firmly adherer., or rolling as described by Jones e, al. 
mm. Detachment of leukocytes is determined by al l„„i ng leukocytes „ ^ fc fte ^ 
under static conditions then initiating flow a. a wall shear stress of 1 dytvW. The wal, shear 
stress is increased incrementally every 30s and the number of leukocytes remaining adherent is 
> determmed. All experiments are performed at 22-C uniess indicated otherwise. In certain 
expenments cells are preineubated for ,0 min with inhibitor and rolling is assayed in the 

—us presence of the inhibitor. Results of these experiments are presented in the Tables 

below. 

Example B 

■0 Identiflcatton of Compounds Which Ac, as E, L andVor P-Selectin Ugands Using Recombinant,, 
Produced Receptor COS cells a Selectin CelHlased Assay 

A complete cDNA for the E, L and/or P-selectin receptor was obtained by PCR starting 
wth total RNA isolated from ,L-I stimulated human umbilical vein endothelium. The .suiting 
cDNA was inserted into the CDM8 plasmid (see Aruffo * a ,, Proc . Nat , Acad . Scj USA 
» 84:8573, and the plasmid amplified in £ coli . p lasroid DNA ^ ^ ^ 

■solved and used to transfect COS cell, Positive plasmids were selected by their ability ,o 
— COS cells that support H^o cell adhesion. DNA seouencing positive* identified one 
°f these clones as encoding for E, L anoVor P-sdectin (Bevilaco.ua e, Science, (I989) 

20 USA 'IT: " NUC,dC ^ (,990, ,8:,083; »— - ^ad. Sci. 

* USA ( ,oo 0) 87:1673 , ^ pub|ications ^ incorporattd ^ ^ ^ ^ 

dtsclosure of E-selectin and genetic materia, coding for its production. The complete nucleotide 
secuence of the E-selecrin cDNA and predicted amino acid se q ue„ce of the E-se,ec«in protein are 
gtven m the above cited a«ic,e by Bevi.aco.ua e, which DNA artd amino acid sciences are 
..corporated herein by reference (see also pubHshed PCT pa[ e„, application W090/.3300, which 
25 is incorporated herein by reference). 



100 



8NSDOCID: <WO 9929705A^_I_> 



WO 99/29705 



PCT/US98/25783 



10 



15 



20 



25 



COS cells, expressing membrane-bound E, L and/or P-selectin, were metabolically 
radiolabeled with T 2 P0 4 (tritiated phosphoric acid). These labeled cells can be used as probes in 
two assay systems to screen for recognition of the compounds of formula I. More specifically, 
compounds of formula I may be adsorbed to the bottoms of PVC microliter wells or resolved on 
TLC plates. In either assay the compounds may be probed for their ability to support adhesion of 
E, L and/or P-selectin-transfected COS cells, untransfected COS cells, or COS cells transfected 
with a plasmid containing an irrelevant cDNA, under conditions of controlled detachment force 
(see Swank-HilLe, a/., Anal. Biochem. (1987) 183:27; and Blackburn et «i, J. Biol. Chem. 
(1986) 261:2873 each of which is incorporated herein by reference to disclose the details of such 
assaying methodology). The results of this assay are shown in the Tables below. 

Example C 

Identification of Compounds Which Act as E, L and/or P Selectin Ligands Using Recombinant* 
Produced Chinese Hamster Ovary (CHO) cells Selectin Cell-Based Assay . 

Chinese Hamster Ovary (CHO) cells were transfected by electroporation with plasmids 
CDM8-E-selectin or CDM8-P-selectin (containing the cDNA for the full-length E- or P-selectin 
respectively) and pSVneo, and selected by resistance to neomycin. Individual cells were cloned 
and/or selected by flow cytometry for selectin expression using monoclonal antibodies to E- or 
P-selectin. 

Cell plates for testing the compounds of the invention were prepared as follows: 

Ninety-six well Coming plates were coated win, 0.2% gelatin. Plates were seeded with 
«*«5xlO<cel.s/we U or3xlO'ceUs/wel,a^ g rownforei m er2or3 days. Cells seeded a, lower 
denstty on Friday were ready for assay on Monday. Tie monolayer was rinsed with PBS Then 
•he ceUs were fixed with 50ul of 0.5% Paraformaldehyde for 20 minutes. The piates were then 
-ed with PBS and blocked win, ,* BSA^BS-, 100 ul/well, 20-30 minutes a. room 
temperature. Tne plates are washed with PBS jus. before adding the compounds to be assayed 
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HL-60 Cell Preparation 

HL-60 cell, were counted and 7.5 X 10' cellmate were removed. The « lls were 
by filling a 50 ml centrifuge tube with PBS (no more than 20 ml of cells/50 ml tube) The cells 
were suspended a, 2xl0Vm, (7.5 m, for 2 plates). Then BCECF-AM [10 mM stock] a, 5uM 
5 1/2000 dilution was added. The eel, preparation was mcubated for 30 ^ a 37 „ c ^ 
■ube was fined with PBS to wash, men it was centred as before, and decanted. The ceHs 
were peHeted a. ,000 rpm for ,0 min. The ce„s were .suspended at I.5x.0<cells/ml (10 ^ 

Compounds were tested at various emendations, begmning with a , :5 dilution. 40 a, of 
compound is added to quadruplicate we,<s, fo,,owed by 40u, of ce„s. The suspension is routed 
a, 50 rpm for 20 minutes a, room temperature. Unbound ce„s are removed or flicked The 
mixture is washed 2X with PBS. Then 75 u, of ,ysi s buffer (,00 ml TRIS, P H 9.5. 2% Triton 
S100) is added. The con.ro, is ,0 ui of labeled cel,s mixed wim 65 u. of lysis buffer The 
excttatton fluorescence is read a, 485 nm, the emission fluorescence is read a, 530 nm wim a gain 
of 60 on the cytofluo, A decrease in fluorescence indicates inhibition of adhesion of the cells ,„ 
the monolayer. The results of this assay are shown in the Tables below. 

Example D 

24 Hour Acute Eosinophilia in Guinea Pigs 

Eosinophi, accumulation into bronchoalveolar lavage fluid (BALF) was studied usins 
ovalbumin activeiy-sensitized guinea-pigs. Male Hartley guinea-pigs (Japan SLC , Shizuo.: 
Japan) were sensitized with 0.5 ml of 5% ovalbumin subcutaneous* and 0 5 ml 
"-perttoneall^boos^rinjecUo^ were performed 7 days apart. High, or 9 days after the final 
■n^tton, the anima. were placed in a clear chamber (4, x 4, x 50 cm) which was connected to 
^ ° f 3 SUPMOniC ™° "*»~ <*W> >B, OMRON). All animah inhaled ,0 meg/ml 
samtaamol, a 0-adrenocep,or agonis, for 5 mi, before antigen exposure. The duration of the 
* anhgen (ovalbumin: ,0 mg/ml) exposure was 6 min. Then, the guinea pigs were arteaheuzed 
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with pentobarbital (30 mg/kg, ip) 24 hours after antigen challenge. The trachea was cannulated 
by a disposable intravenous catheter, 3 Fr. Size (ATOM Co., Tokyo, Japan), and the airway 
lumen was washed three times with equal portions of 0.9% saline (10 ml/kg). The BALF from 
each animal was centrifuged (150 x g for 10 min. at 4"C), the cell pellet was resuspended in 4 
ml. HBSS (Hank's balanced salt solution) and a total cell count was performed using a standard 
hemocytometer. Differential cell counts were done on smears stained with Diff-Quik. The 
portion of each cell population was expressed as a percentage of total cells, and this ratio, 
together with the total cell count, was used to calculate the total number of each cell type. The 
inhibitory percent of the test compounds was calculated as follows: percent 
inhibition=[l-(C-A)/ (B-A)]xl00, where A is that mean value of cell count from BALF from 
guinea pigs which inhaled saline, B is the mean value of cell count from BALF from guinea pigs 
24 hrs after antigen challenge, and C is the cell count from BALF from guinea pigs pretreated 
with a test compound 24 hrs. after antigen challenge. The results of this test are shown in the 
Tables below. 
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Based on the above resuhs, „ „ apparent ^ ^ compouufs rf ^ ^ ^ 

for treating a^es, preftra b,y disease, 4. have an inflammatory component, such as Adul, 
Respiratory Dislr ess Syndrome (ARDS), ischemia and .perfusion injury, inching strokes 
mesenteric and peripheral vascular disease, organ transition, ^ circulat0Iy ^ ^ ^ 
case one or many organs migh, he damaged Mowing restoration of biood flow). Additiona.lv 
by acnng as antagonist Ugand molecules, ,e. biochemical blocking agents that bind ,o select™ 
and prevent circling ■eukocy.es from binding to endotheKal cells, .he compounds of the 
.nvennon are „e,p M in .eating selectin-mediated conditions. Tlese conditions indude cancer 
an particularly metastatic cancers, rheumatoid arthritis, asthma, inflammatory bowe, disease ' 
puimonary inflammation, lung va sc uli .is, a„.„,mmune conditions such as diabetes, artd tissue 
rejecon and other conditions such as obesity, cardiac injuty, and thrombosis 
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We claim: 
1. 



A compound comprising a core structure selected from the following group: 




10 



wherein: 



W is a covalent bond, -C(=0)-, -C(=0)-CH 2 -, -C(=0)-CH 2 -CH 2 -, -C(=0)-CH=CH-, 
-C(=Q)-CH(-NHAc)-CH 2 -, -C(=0)-CH 2 -CHOH-, -C(=0><:H(-NH-C(=0).0-t-Bu>-CH,-' 
15 -C(=S), -C(=S)-S-, -C(=S)-S-CH 2 -, -C(=S)-CH 2 -CH 2 -, -C(=S)-NH-, -CH 2 -CH 2 -0, or -CH,- 
CH(CH 3 )-CH 2 -, -CH 2 -CH(CH 2 OH)- CH 2 - or CH 2 -C(=CH 2 )-CH 2 -; 

X is -CHV, -NR 3 -, -CRV, -NR 8 -, CH-S-sialic acid, CH-O-sialic acid, -O- or -S-; 
Y is a covalent bond, -(CH^ _ . CH2 _ NH _c (=0) . Qr _ NR . C(=Q) . 

R\ R 3 , R\ R', R«, R 7 , R' and R 9 are independently selected from the group consisting 
20 of -H, -OH, alkyl (C1-C8 branched or unbranched), -<:o 2 M, -CH 2 -C0 2 M, -C0 2 Me, -CH 2 
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-CO,Me, -CO,Et, .CH !C 0 !E ,, -CH, -CH-CH-CC^M, -CH, ^H=CH ^0,Me, -CH, ^H-CH 
COA -OSO.M, -CH -OSO, M, -CH^-SCM, -OPO,M„ -CH^OPCM,, -CR»R"-CO M 
CR"R"- C 0,Me, -CR'-R^E,. CR"R"OSO,M, -CR.° R .,S0,M and-CR'V-OPO.M wUh 
the proviso that a, leas, one of R 1 , R>, R >, R >, R ., R , R , ^ R , , s ^ _ H ^ ^ 

5 R" and R" are independently selected from the group consisting of-H -CH CH - Ar 

and -CH,- cyclohexane or R- and R 1 . may be ten Iogether ^ ^ ^ ^ ^ 
are cova,en,,y bound to form a five or six member ring, wherein the ring may be saturated or 
unsaturated and the ring may be substituted with one or more R' substituents; 

wherein r. and tf or R> and R> or R 1 and * or R« and r. or r. ^ R , or R , ^ R! or R , 
and R independentiy may be tafcen together with the carbon atoms to which they are cova,e„, lv 

wheretn the ring may he saturated or unsaturated and the ring may be fcrther substituted with one 
or more R' substitutes; 



15 



nis 1,2 or 3; 
Gis Z 1 orZ 2 ; 
Z 1 has the formula: 




R ,2 C5 OR 12 
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R 



12 



' "CH 3 , -(CH 2 )„ -CH 3 , protecting group, S0 3 M, or O-carbohydrate (Ii: 



linear or 



branched); 



S is 1,2, or 3; 

Protecting group is methyl-, benzyl-, MOM, MEM, MPM, or tBDMS; 

U is H, CH 3 , OH, CH 2 OR' 2 , CH 2 0-protecting group, CH 2 OS0 3 M, CH 2 S0 3 M, 
CH 2 OR' 2 , or COD; 

A is O, S, NR ,2 2 CR I2 2 , CH 2 or NR 12 ; 



D 



OR 12 , NR ,2 2 , O'M; halide or other acylating functionality; 



wherein the ring structure of Z' is either saturated or unsaturated; and 



10 



Z 2 has the formula: 




15 




2. 



A compound as in Claim 1 wherein X is -CR 3 2 -, W is -(CHJ a -C(=CHJ -CH 2 



and G is Z'. 



20 



3. 



compound as in Claim 2 wherein at least one R 3 is -(CH 2 ) 0 C0 2 M. 
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4. A compound as in Claim 2 wherein at leas, one R> is seiected ta Ae 
conning of - ( CH,>„ - W CO,M, -(CH^CR-R-.SO.M and -(CH i) „-CR.» R ^p 0) M. 

.5. A compound as in data 2 wherein a. leas, one R 1 is - CC ,M and a, leas, one of 

R , R , R , and R 5 is -OH. 

5 6. A compound as in Claim 2 wherein at least one R* is -(CH 2 ) m -C0 2 M. 

7. A compound as in Claim 2 wherein at least one R' is -(CH 2 ) m -C0 2 M. 
8- A compound as in Claim 2 wherein at least one R> is -(CH 2 ) ro -OS0 3 M. 

rCH , 9 ,n A T mP ° Und " ^ CIaim 1 WhCrein X ^ " CRV ° r - NR3 -' « - R« is 
-(CH ) - C 0 2 M, R and R 4 taken together with the carbon atoms to which the y are convale„tl y 
bound form a five or six member unsaturated ring and G is Z'. 



10. 



A compound as in Claim 9 wherein W is -C(=0)- or -(CH 2 ) n -C(=0)-. 



15 



^U. A compound as in Claim , wherein X is S, a, .eas, one R° is ^ CH ,>„ . C o 5 M and 

12. Acompound as in Claim 11 wherein W is -C(-0) or -{CHA-CC-O).. 

and o is 2.. A " " ^ ' ^ X ^ ^ " ~ * " ^ 

" A compound as in Cairn ,3 wherein W is ^S-(CH ; )„-, -C(-S)- or 



-C(=S)-NH-. 



15- A compound as in Claim 13 wherein W is -C(=0) - or -C(=0)-(CH 2 ) n -. 
0 andcJt. ""^""^^ 
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1 7. A compound as in Claim 1 6 wherein W is -C(=0)-. 

1 8. A compound as in Claim 1 7 wherein R' s and R 16 are independently -OH or -OMe. 

1 9. A compound as in Claim 1 8 wherein R M is -OH or -OMe. 

20. A compound as in Claim 1 wherein Y is -(CHj) m - and G is Z\ 
A compound as in Claim 20, wherein at least two of R' 4 , R' 5 and R" are -OH 



-OMe. 

22. 
23. 

OMe. 
10 24. 



or 



A compound as in Claim 1 wherein Y is -CH 2 -NH-C(=0)- and G is Z\ 

A compound as in Claim 22 wherein at least two of R'\ R ,s and R 16 are -OH or - 



A compound as in Claim 1 wherein X is CH-S-sialic acid or CH 2 -0-sialic acid. 

25. A method of treating a selectin-mediated disorder comprising the step of 
administering a compound of claim 1 to patient in need thereof. 
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DESCRIPTION 

Sialyl Lewis X And Sialyl Lewis A Glycomimetics 

I . Field of the Invention 

The present invention relates to glycomimetic compounds 
5 which can mimic the binding activity of carbohydrates such 
as sialyl Lewis X (sLe x ) and sialyl Lewis A (sLe a ) . These 
glycomimetic compounds inhibit or antagonize selectin ligand 
interactions, and can be used to treat selectin-mediated 
disorders, such as inflammation. 

10 II. Background of the Invention 

A large body of data has been accumulated that 
establishes the importance of a family of receptors, the 
selectins (LEC-CAMs) in certain diseases including cancer, 
auto-immunity, and in the inflammatory response. There are 
15 presently three known members of this family, L-Selectin 
(LECAM-1, LAM-1, gp90MEL) , E-Selectin (LECAM-2, ELAM-1) and 
P-Selectin (LECAM-3, GMP-140, PADGEM) . The physical, 

molecular, biochemical, and physiological characteristics of 
this family of receptors are well known in the art. 
20 "Selectin Family of Adhesion Molecules" by Michael Forrest 
and James C. Paulson in Physiology and Pathophysiology of 
Leukocyte Adhesion, Ed. by D. Niel Grangier and Deert 
Schmid-Schonbein, Oxford University Press, N.Y., N.Y. 
(1995). The three known members of this family each contain 
25 a domain with homology to the calcium-dependent lectins (C- 
lectins), an EGF-like domain, and several complement binding 
protein-like domains (Bevilacqua et al., Science (1989) 
243:1160-1165; Johnston et al . , Cell (1989) 56:1033-1044; 
Lasky et al., Cell (1989) 56:1045-1055; Tedder et al . , J. 
30 Exp. Med. (1989) 170:123-133). 

In particular, PCT application Publ . No. WO97/30984 and 
references disclosed therein describe the sequence of the 
known members of the selectin family of receptors and the 
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homology of these receDtor^ 

as the role o£ select"! " «H 

lynphocyte .xtr.v.,.t"„ • ^ =ite- s pec itic 

a!so disclosed 1„ Toie ref ^ th "" b °" i «- " is 

5 transiently expressed on th " t E -»l«tln is 

y expressed on endothelial cells in >- 
IL-1 and Tumor Necrosis Factor (TNF) s res P°nse to 

this receptor in the init • 7 SUggSStlng 9 ro1 * *>r 
response to infection and —^il-extravasation 
-electin recep^ ^ ^ c ^LT^' """^ 
« influx of neutrophils i/ a ^ ^/T^ 

Preventing airway obstruction ° f 9Sthma 

inflammatory response. resulting from the 

Several different groups have published _ _ 
regarding E-selectin ligands. Low e et al f1QQn 

20 transferase t/e y were lie to CMtainin9 3 fUC " S ' 1 - 

selectin dependent banner. Malz ."^ " " E " 

bindin9 of - ------- -Lin:";-:: 

-onstrate ^-10^1^^^ ^' an ^ d "* 
.ou._l.ded t h at th e ^ str U ctJ TT^Z 

Information regarding the DNA ™ 
30 endothelial cell-leukocvte adh se ^ences encoding 

in PCT published ! adi ™ molecules are disclosed 

published application WO90/13300, which is in™ 
ated herein by reference. The p CT Tu " ! ■ ^ 

numerous articles that may be related to ^^1 "W" 
leukocyte adhesion molecules. The PCT oIi le , 
35 discloses methods of identifying r , P ubll <=*tion also 

as methods of inhibiting adh 1±9andS ' ^ 

niaitmg adhesion between leukocytes and 
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endothelial cells using such ligands. Recent publications 
regarding selectin ligands describe the use of L-selectin as 
an indicator of neutrophil activation (Butcher et a J . , US 
Patent 5,316,913 issued May 31, 1994), and assays for 
5 inhibition of leukocyte adhesion (Rosen et al., U.S. Patent 
5,318,890 issued June 7, 1994). 

The minimal ligand for E-selectin is the sLe* tetra- 
saccharide consisting of sialic acid, fucose, and N-acetyl 
lactosamine. Lactosamine consists of galactose and 2-amino- 
10 2-deoxyglucose. Sialic acid and fucose are bound to the 
galactose and glucosamine moieties of lactosamine 
respectively. P and L selectins also bind to sLe* and ligands 
that share similar structural features. Considering the 
obvious pathophysiological importance of selectin ligands 
15 significant effort has been, and continues to be, expended 
to identify the critical physical/chemical parameters 
associated with selectin ligands that enhance, or that are 
required for their selectin binding activity (DeFrees, S.A., 
et al., J. Am. Chem. Soc, (1993) 115:7549). m no small 
20 part this effort is being driven by the need to. have 
selectin ligands that are inexpensive to produce (see U.S. 
Patent 5,296,594 issued March 22, 1994; Allanson, N.M. et 
al., Tetrahedron Lett., (1993) 34:3945; Musser, J.H. et al . , 
Current Pharmaceutical Design (1995) 221-232) . it 
25 generally thought that it will be prohibitively expensive to 
commercially produce naturally occurring sLe* or related 
oligosaccharides by either enzymatic or chemical synthesis 
because of the number of sophisticated reactions involved. 

It is known that for an acute inflammatory response to 
30 occur, circulating leukocytes must bind to and penetrate the 
vascular wall and access the site of injury. The selectin 
family of adhesion molecules participates in acute 
inflammation in one mechanism by initiating neutrophil 
rolling on activated endothelial cells. This is 

35 particularly evident in studies of ischemia reperfusion 
iniury, where P-selectin appears to be important in neutro- 
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Phil recruitment to damaged tissue. The presence of L- 
selectin and E- or P-selectin ligands on mononuclear cells 
has implicated these receptor-ligand interactions in chronic 
inflammation. This has been .supported by the finding of 
5 chronxc expression of E-selectin in dermatological condi- 
tions and P-selectin expression on joint synovial 
endothelium derived from rheumatoid arthritis patients L 
Lasky Annu. Rev. Biochem. 64:113-39 (1995); "Selectin Family 
of Adhesion Molecules" by Michael Forrest and James C 
10 Paulson in Physiology and Pathophysiology of Leukocyte 
Adhesion, Ed. by D. Niel Grangier and Deerfc 
Schonbein, Oxford University Press, N.Y., N .y (1995) 
Thus, one mechanism whereby anti-inflammatory drugs could 
exert their effect would be to interfere with leukocyte 
15 binding to, and penetration through the vascular wall. 

sLe* and sLe a epitopes are found on the surface of 
normal human tissues, such as neutrophils and eosinophils 
(Antagonism of Human Neutrophil (NEU) and Eosinophil (EOS) 
Adhesion by Glycomimetics and Oligosaccharide Compounds. M 
20 K. Kim, B. K. Brandley, M . B. Anderson and B. S. Bochner 
A». J. of Resp. Cell and Mol. Biol.; (submitted 1997) have 
been identified on some cancer cells (Furukawa, Y.;' T ara 
M.; Ohmori, K. ; & Kannagi, R. Variant type of sialyl Lewis x 
antigen expressed on adult T-cell leukemia cells is 
25 associated with skin involvement. Cancer Research 1994 
6533-6538. Liepkalns, V. A.; Eboue, D.; Beringer, T.; Sabri,' 
A.; Icard-Liepkalns, C. Repression of the Lewis fucosyl 
transferase by retinoic acid increases apical sialosyl 
Lewis-a secretion in colorectal carcinoma cultures. Journal 
30 of Cellular Biochemistry. 1995, 292-304. Furukawa Y • Tara 
M.; Ohmori, K . ; & Kannagi, R. Variant type of sialyl 'iewis x 
antigen expressed on adult T-cell leukemia cells is 
associated with skin involvement. Cancer Research. 1994 
6533-6538.). These epitopes interact with the selecting 
35 (Mousa, S. A.; Cheresh, D. A. Drug Discovery Today, 1997 2 
187-191. Kansas, G . S.; Blood, 1996-, 88(9), 3259-3287)' 
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which are important for the trafficking of leukocytes from 
the vasculature with subsequent diapedesis into the 
surrounding tissues as a result of disease or tissue injury. 

It is believed that the suitable glycomimetic 
5 structures can inhibit selectin-mediated cell adhesion, and 
therefore modulate the inflammatory response. Various sLe x 
derived structures, as well as structural glycomimetics 
(Carbohydrate Based Therapeutics. John H. Musser, Peter 
Fiigedi and Mark Brian Anderson, see Burgers Medicinal 

10 Chemistry, 1994, pages 901-947. Glycomimetics as Selectin 
Inhibitors. Musser, J. H . ; Anderson, M. B. ; Levy, D. E.; 
Cur-rent Pharmaceutical Design, 1995, J, 221-223 
Glycomimetics: An Approach to Discovering Leads for Novel 
Therapeutics. J.H. Musser, M.B. Anderson, P. Fiigedi. 

15 Pharmaceutical News, 1996, 3(5), 11-17) have been shown to 
interfere, in vivo, with selectin-mediated adhesion. 

III. Summary 

The present invention provides a series of compounds in 
the form of chemically and physiologically stable 

20 glycomimics or glycoepitopes that serve to functionally 
mimic the active features of biologically important 
oligosaccharides, such as but not limited to sialyl Lewis x 
(sLe x ) and sialyl Lewis 3 (sLe a ) . These glycomimetics can be 
synthesized by coupling two or more components possessing 

25 the critical fucose and carboxylate functional groups, or 
derivatives thereof, using N-alkylations , N-acylations , 
sulfonylations and related reactions. These structural 
glycomimetics have been shown to inhibit selectin-ligand 
interactions and to be useful in the treatment of acute and 

30 chronic inflammation diseases, including asthma. These 
compounds also are useful in the treatment of other 
selectin-mediated disorders, such as cancer, diabetes, 
obesity, lung vasculitis, cardiac injury, reperfusion 
injuries, thrombosis, tissue rejection, arthritis, inflam- 

35 matory bowel disease and pulmonary inflammation. These 
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glycomimetics are designed to control or modulate various 
intercellular actions such as the interactions between cells 
and the endothelium in cell adhesion and between cells and 
the interstitial tissues, which interactions initiate or 
5 control recognition, differentiation, growth, fertilization, 
cancer migration, etc. 

In a first aspect, the invention relates to the field 
of medicinal chemistry wherein the inventive compounds con- 
tain a glycoside or glycomimetic which is linked, either 

10 directly or indirectly, to a desired amine containing 
organic molecule via a carbon linkage. m particular, the 
present invention relates to the field of amine heterocycle 
chemistry and is directed to tools and methods for the 
generation of chemical compounds consisting of at least one 

15 carbohydrate unit or carbohydrate mimetic unit and an amine 
heterocycle or amine containing core or scaffold. Formula- 
tions containing such compounds may be used to treat 
patients suffering from a variety of selectin-mediated 
disorders . 

20 The synthesis of complex carbohydrates is time 

consuming and costly compared to the synthesis of glyco- 
mimetics. In addition, the synthesis of complex oligo- 
saccharides introduces additional chiral centers, anomeric 
configurations, and increased molecular size without 

25 safeguards to enzymatic cleavage of oxygen-linked glyco- 
sides. The present invention avoids and overcomes the 
obstacles inherent in complex oligosaccharides by utilizing 
glycomimetics or more specifically, structural 

glycomimetics . 

30 IV> Brief Description of Figures 

Figure 1 depicts a three-dimensional structure of sLe x 
and relates this structure to important aspects for the 
design of the present compounds. 

Figure 2 depicts synthesis strategies for designing the 
35 invention compounds . 
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Figure 3 depicts a synthetic strategy for a pyridine C- 
glycoside that mimics s-di-Le x . 

Figure 4 depicts a set of piperdine based carbon 
glycosides . 

5 Figure 5 depicts a non-exclusive set of carbohydrate 

and non-carbohydrate glycomimetics that can be utilized in 
the G position of structural formula I. 

Figures 6, 7 and 8 depict a set of N-allyl-c-glycosyl 
piperdine based glycomimetics and derivates thereof prepared 
10 according to the present invention. 

Figure 9 depicts a set of sulfated N-allyl-c-glycosyl 
piperdine compounds according to the present invention. 

Figure 10 depicts a set of non-carbohydrate 
glycomimetics of the present invention. 
15 Figure 11 depicts a set of core molecules that can be 

used as intermediates in the preparation of compounds 
disclosed herein or in the treatment of selectin-mediated 
disorders . 

Figure 12 and 13 depict a set of sialic acid derivaties 
20 of the present invention. 

Detailed Description 

Unless defined otherwise herein, all technical and 
scientific terms used in this specification have the same 
meaning as commonly understood by one of ordinary skill in 
25 the art to which this invention belongs. Although any 
methods and materials similar or equivalent to those 
described herein can be used in the practice or testing of 
the present invention, the preferred methods and materials 
are described herein. All terms used herein are defined 
according to the definitions provided in PCT Publication 
No. WO97/30984 . 

All publications, either scientific or patents, 
mentioned herein are incorporated by reference in this 
patent application in their entirety. 
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15 



20 



Invention Compounds 

One aspect of the present invention is to provide 
methods for preparing modified amine heterocycles and 
related structures comprising (1) piperdine and derivatives 
thereof or open chain amines and (2) a carbohydrate or 
carbohydrate mimetic moiety, wherein each compound is 
composed of a modified carbohydrate or other non- 
carbohydrate-based structural unit. Suitable functional 
groups useful in the preparation of such compounds include, 
but are not limited to, hydroxyl, carboxyl, thiol, amido,' 
and amino groups. The non-carbohydrate units may consist of 
structures which possess an amine functionality for coupling 
to the fucose mimic and an ionic group capable of binding to 
basic residues in the selectins. 

Another aspect of the invention is to provide an array 
of novel amine heterocycles and related compounds 
comprising, piperidine and derivatives thereof or open chain 
amine containing chemical compounds comprising at least one 
carbohydrate or carbohydrate mimetic unit, including for 
example a carbon glycoside/heteroatom glycoside, linked to a 
suitable derivatized functional group or a non-carbohydrate 
structural unit denoted below. The subject invention 

provides novel chemical compounds comprising a 
structure selected from the following formulas: 



core 



X N-W-G 




r4 'r 4 r5 V 



R R 6 
R 7 ^ I ^R 6 





X 

R 9 R 9 



N-W-G 



M0 2 C-(CH 2 ) n -NH-C(=0)-Y-G 



25 
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wherein: 

W is a covalent bond, -C (=0) -, -C(=0)-CH 2 -, 
-C (=0) -CH 2 -CH 2 -, -C (=0) -CH-CH-, -C (=0) -CH <-NHAc) -CH 2 -, 
5 -C(=0)-CH 2 -CHOH-, -C(=0)-CH(-NH-C(=O)-O-t-Bu)-CH 2 - f -C(=S)- 
-C (=S) -S-, -C (=S) -S-CH 2 - f -C (=S) -CH 2 -CH 2 -, - C (=S ) -NH- ' , 

-CH 2 -CH 2 -0-, -CH 2 -CH (CH 3 ) -CH 2 -, -CH 2 -CH (CH 2 0H) -CH 2 - 

-CH 2 -C (=CH 2 ) -CH 2 -; 

X is -CRV, -NR 3 -, - C R 8 2 -, -NR 8 -, CH-S-sialic acid, CH- 
10 O-sialic acid, -O- or -S-; 

Y is a covalent bond, -<CH 2 ) n - C H 2 — NH -C(=0)- or 

-NH- C(=0) -; 



R 1 , R 2 r R 3 , R 4 , R 5 , R 6 , R 7 , R 



8 „9 



and R are independently 



selected from the group consisting of -H, -OM, C1-C8 alkyl, 
15 -(CR 1 2 )m-CR 1 3 , -(CH 2 ) m -C0 2 M, - (CH 2 ) m -CH=CH-C0 2 M, 

~(CH 2 ) ra -OS0 3 M, -(CH 2 ) m -OP0 3 M 2 , -(CR 2 ) m -CR 10 R 11 -CO 2 M, 
-(CH 2 ) m -CR 10 R 11 OSO 3 M, 

"(CH 2 ) m -CR 10 R ll -SO 3 M and -(CH 2 ) m -CR^R^-OPO.M, with the 
proviso that at least one of R 1 , R 2 , R 3 , R 4 and R 5 , or at 
20 least one of R 6 , R 7 , R 8 and R 9 is not -H or -OH; 

R 10 and R 11 are independently selected from the group 
consisting of -H, -(CH 2 ) m -CH 3 , 

-CH 2 - Ar and -CH 2 - cyclohexane or R 10 and R 11 may be 
taken together with the carbon atom to which they are 
25 covalently bound to form a five or six member ring, wherein 
the ring may be saturated or unsaturated and the ring may be 
substituted with one or more R 1 substituents; 

wherein R 1 and R 2 , or R 2 and R 3 , or R 3 and R 4 , or R 4 and 
R 5 , or R 6 and R 7 , or R 7 and R 8 , or R 8 and R 9 independently may 
30 be taken together with the carbon atoms to which they are 
covalently bound to form a five or six member ring, with the 
proviso that only one ring structure is formed in the 
compound, wherein the ring may be saturated or unsaturated 
and the ring may be further substituted with one or more R 1 
35 substitutes; 

M is H, Na + , K* , Me or Et; 
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m is 0-7; 

n is 1, 2 or 3; 

G is Z 1 or Z 2 ; 

Z 1 has the formula; 



R 12 d 

>12 




s is 1, 2, or 3; 

Protecting group is met-M/i - k~ •, 
10 tBDMS ; Y ' benz y 1 "' MOM, MEM, MP M/ or 



15 



A is O, S, CH 2 or NR 12 ; 
D is OR 12 , NR 12 2 , or OM; 



wherein the ring structure of z 1 is either- - 
unsaturated; andZ 2 has the f ormula : saturated or 



13 D 14 

15 



R w R 



wherein R 13 , r 14 r is d i 6 17 

' R and R 17 are not H. ' 

-CR3 Pre w ferred , C ° mPOUndS includ * compounds wherein x is 
CR 2 -, W as -(CH 2)m - C (=CH 2 ) -CH 2 - and G is Z 1 m. 

ably, R 3 m ay be - (CH ) rn m d 3 M ° re P^fer- 

2S n r. 2 ' ° r R may be selected from th. 

25 group consisting of -(CH 2 ) m - C R-r"co 2 M, - (C h 2 ) -cr«r» ™ 

-(CH 2)m -CR"R»-S03M and - (C H 2 ) - C R"r on" 3 ^ 

,CM2,B CR R -OPO3M; or R 3 may be 
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m 
R 4 



is 



-C0 2 M, with the proviso that at least one of R 1 , r 2 , r 4 Q r R 5 
is -OH. 

Also preferred are compounds in which R 1 or R 2 is 
" (CH 2 ) m -C0 2 M. 

5 Other preferred compounds include those compounds 

which X is -CR 3 2 - or -NR 3 - , R 1 is -<CH 2 ) B -C0 2 M, and R 3 and 
taken together with the carbon atoms to which they are 
convalently bound form a five or six member unsaturated ring 
and G is Z 1 . More particularly, W may be -C(=0)- or -(CH 2 ) n 
10 -C(=0)-. 

Also preferred are compounds in which X is S and R 9 
-(CH 2 ) m -C0 2 M, and G is Z 1 . More particularly, W may be -C(=0) 
or -(CH 2 ) n -C(=0)-. 

Also preferred are compounds in which X is -CR 3 2 -, R 3 is 
15 -(CH 2 ) m -C0 2 M, and G is Z 1 . More particularly, w may be 
-C(=S)-S-, - C (=S)-S-(CH 2 ) ra -, -C(=S)- or - C (=S)-NH-; or Wmay 
be -C(=0) - or -C (=0) - (CH 2 ) n -. 

Also preferred are compounds in which X is -CR 3 2 -, R 3 is 
-(CH 2 ) m -C0 2 M, and G is Z 2 . More particularly, W may be -C(=0)- 
20 and R 15 and R 16 are independently selected from the group 
consisting of -OH and -OMe . In addition, R 14 may also be -OH 
or -OMe . 

Also preferred are compounds in which Y is -(CH 2 ) m - and 
G is Z 1 . More particularly, at least two of R 14 , R 15 and R 16 
25 are -OH or -OMe. 

The compounds of above formula may be in different 
isomeric forms and such are encompassed by this disclosure. 
In particular, a carbon glycoside moiety may be in either 
the alpha or beta configuration and the linkage by which any 
30 sugar is attached to the core structure may be either axial 
or equatorial. However, here and throughout the different 
stereo configurations are not shown but are understood to be 
encompassed by this disclosure. 



BNSDOCID: <WO 9929705A3_IA> 



SUBSTITUTE SHEET (RULE 26) 



WO 99/29705 



PCT/US98/25783 



12 



Use and Administration 

The glyomimetics of the invention can be administered 
to a subject in need thereof to treat the subject by either 
prophylactically preventing selectin-mediated disorders or 
5 correcting a disorder after the disorder has begun The 
compounds are preferably administered with a pharmaceutic- 
al^ acceptable carrier, the nature of the carrier differing 
with the mode of administration, for example, oral 
administration, usually using a solid carrier and I v 
10 administration of a liquid salt solution carrier. The 
formulation of choice can be accomplished using a variety of 
excipients including, for example, pharmaceutical grades of 
mannitol, lactose, starch, magnesium stearate, sodium 
saccharin cellulose, magnesium carbonate, and the like. 
15 Oral compositions may be taken in the form of solutions" 
suspensions, tablets, pills, capsules, sustained release 
formulations, or powders. The subject compounds can be 
administered directly in transdermal formulations with 
permeation enhancers such as DMSO. Other topical formula- 
20 tions can be administered to treat dermal inflammation. 

In a preferred aspect, a sufficient amount of the 
desired glycomimetic is administered in an amount that binds 
to a substantial portion of one or more of the selectins so 
that inflammation can either be prevented or ameliorated 
25 Thus, "treating" as used herein shall mean preventing or 
ameliorating inflammation and/or symptoms associated with 
inflammation. Typically, the compositions of the instant 
invention will contain from less than 1% to about 95% of the 
active ingredient, preferably about 10% to about 50%. 
30 Preferably, between about 10 mg and 50 mg will be adminis- 
tered to a child and between about 50 mg and 1000 mg will be 
administered to an adult. The frequency of administration 
will be determined by the care given based on patient 
responsiveness. Other effective dosages can be readily 
35 determined by one of ordinary skill in the art through 
routine trials establishing dose response curves. 
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In determining the dose of compounds to be 
administered, it must be kept in mind that one may not wish 
to completely block all of the receptors. m order for a 
normal healing process to proceed, at least some of the 
5 white blood cells or neutrophils must be brought into the 
tissue in the areas where the wound, infection or disease 
state is occurring. The amount of the compounds adminis- 
tered as blocking agents must be adjusted carefully based on 
the particular needs of the patient while taking into 
10 consideration a variety of factors such as the type of 
disease that is being treated. 

It is believed that the compounds or blocking agents of 
the present invention can be used to treat a wide range of 
diseases, including diseases such as rheumatoid arthritis 
15 and multiple sclerosis. The compositions of the invention 
should be applicable to treat any disease state wherein the 
immune system turns against the body causing the white cells 
to accumulate in the tissues to the extent that they cause 
tissue damage, swelling, inflammation and/or pain. The 
20 inflammation of rheumatoid arthritis, for example, is 
created when large numbers of white blood cells quickly 
enter the joints in the area of disease and attack the 
surrounding tissues. 

Formulations of the present invention might also be 
25 administered to prevent the undesirable aftereffects of 
tissue damage resulting from heart attacks. When a heart 
attack occurs and the patient has been revived, such as by 
the application of anticoagulants or antithrombolytics 
(e.g., tPA), the endothelial lining where a clot formed has 
30 often suffered damage. when the antithrombotic has removed 
the clot, the damaged tissue beneath the clot and other 
damaged tissue in the endothelial lining which has been 
deprived of oxygen, become activated. The activated 

endothelial cells then synthesize the ELAM-1 receptors 
35 within hours of the cells being damaged. Large numbers of 
white blood cells are quickly captured and brought into the 
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tissue surrounding the arps • ^ , 

f actl vated endothelial e^n « 
resulting in inflammation, swelling a ^ neJ - la -L cells, 

is subjected to severe trauma otH V °' b ° dy 

» be treatable -.l^o^^r^^r !h 

include various types of arthri t ls and adult res" rat 
distress syndrome. After readino t h respiratory 
tho sailed in the art ~^^Z 
and/or symptoms which might be treated anH/ 
» the administration o f formulations 0^1^;^:^ 

Other modes of administration will also *- ^ &ntX ° n - 
4- \~- , . ^ wi±x also f xnd use wit-h 

the s b ect lnvent±on _ ^ ^^^^^ «th 

present invention can be formulated in suppositories a„ £ 
some cases, aerosol and intranasal composition! For 
20 suppositories, the vehicle composition win ineln £ tr J° r 
tional binders and carriers such ». , , , Ude tradi - 
or tri 9 lycerides. Such ^^ZTZ^T' 

about 0.5% to about 10% ,„/„, , preferably about 1% to about 



25 2%. 



s^nificantly disturb ciliary functiot ^ entTTch Z 
water, aqueous saline or other known substances can be" 
30 employed with the subject invention. T he nasal fZuZJ^ 
may also contain preservatives such as, but not limite, L 
chlorobutanol and benzalkonium chloride fl surfer , 
he present to enhance absorption of the sub I P ro " l^y 
the nasal mucosa. eins b y 

35 The compounds of the instant invention may also be 

administered as injeotables. Typically, injectable composi- 
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tions are prepared as liquid solutions or suspensions; solid 
forms suitable for solution in, or suspension in, liquid 
vehicles prior to injection may also be prepared. The 
preparation may also be emulsified or the active ingredient 
5 encapsulated in liposome vehicles. The invention compounds 
can be mixed with compatible, pharmaceutical^ acceptable 
excipients. 

Suitable vehicles are, for example, water, saline, 
dextrose, glycerol, ethanol, or the like, and combinations 
10 thereof. In addition, if desired, the vehicle may contain 
minor amounts of auxiliary substances such as wetting or 
emulsifying agents or pH buffering agents. Actual methods 
of preparing such dosage forms are known, or will be appar- 
ent, to those skilled in the art. See, e.g., Remington's 
15 Pharmaceutical Sciences, Mack Publishing Company, Easton, 
Pennsylvania, 17th edition, 1985. The composition or 

formulation to be administered will, in any event, contain a 
quantity of the invention compounds adequate to achieve the 
desired state in the subject being treated. 
20 The various compounds of the present invention can be 

used by themselves or in combination with pharmaceutical^ 
acceptable excipient materials as described above. However, 
the compounds of the invention can be made as conjugates 
wherein the compounds of the present invention are linked in 
25 some manner to a label. By forming such conjugates, the 
compounds of the present invention can act as biochemical 
delivery systems for the label so that a site of 
inflammation can be detected. 

The molecules of the present invention could also be 
30 used as laboratory probes to test for the presence of a 
selectin receptor in a sample. Such probes are preferably 
labeled such as with a radioactive, fluorescent or enzyme 
activated label . 

In addition, various "linker" groups can be attached to 
35 the compounds of the invention, and the linker groups can be 
used to attach various additional compounds such as 
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pharmaceutical^ acceptable drugs. By using the linker 
various conjugates are formed which may provide effective 
drug delivery systems for the drug which is i inked to the 
compound of the invention. It is especially preferred to 
5 attach a drug with anti-inflammatory characteristics to the 
present compounds, so that the linked compound binds to one 
or more selectins which are associated with inflammation. 
Accordingly, non-steroidal anti-inflammatory drugs (NSAIDs) 
such as naproxen or ibuprofen which act as anti-inflammatory 
10 agents could be administered bound to the present compounds 
and could be administered systemically in smaller amounts 
than usual while obtaining an equivalent effect or even 
greater anti-inflammatory effect at the site of inflamma- 
txon. The drug could be attached by an enzymatically 
15 cleavable linker cleaved by an enzyme such as an esterase 
Other drugs which might be attached include, but are not 
limited to, antibiotics, vasodilators and analgesics. Such 
a drug delivery system would reduce any systemic effect 
normally caused by the drug in that the drugs could be 
20 administered in amounts of one-half to one-tenth the normal 
dose and still obtain the same anti-inflammatory result at 
the site of inflammation, without adverse side effects 
Other drug delivery systems may be polymeric backbones which 
may be, but not limited to, simple polymers, polymeric 
25 carbohydrates, cyclodextrins , heparin or its derivatives, 
peptides, polymeric beads, etc. 

Before the present compounds and compositions, and 
processes for isolating and using such are described, it is 
to be understood that this invention is not limited to the 
30 particular compositions, methods or processes described as 
such may, of course, vary as would be known by the skilled 
practitioner of this art. It is also to be understood that 
the terminology used herein is for the purpose of describing 
particular embodiments only, and is not intended to be 
35 limiting, because the scope of the present invention is 
limited only by the appended claims. 
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I. General Protocols 

Synthetic Strategy 

The subject invention provides for the generation and 
identification of novel molecular species which may act as 
5 agonists or antagonists of various biological, chemical or 
other activities. A drawing showing some general structural 
aspects relating to the present invention is shown in Figure 
1. The biological activity of complex carbohydrates, such 
as sialyl Lewis X- (sLe x ) and sialyl Lewis A (sLe a ) , is 

10 important in cell adhesion. The key structural features of 
these oligosaccharides for cell adhesion are believed to be 
the carboxylic acid functionality of sialic acid and the L- 
fucose moiety. These functional groups are believed coordi- 
nate to a calcium ion in the selectin binding pocket 8-12 

15. angstroms between these two points. This structural feature 
provides a particular charge-distance-coordination relation- 
ship that can be used to mimic complex oligosaccharides or 
can be used as an initial starting point for mapping the 
lectin binding domains by the construction of libraries of 

20 structural glycomimetics . In these libraries, one can use a 
carboxylic acid, a sulfate, a phosphate or an equivalent 
moiety to mimic the charged portion of the oligosaccharide 
and L-fucose, other carbohydrates, or functional carbo- 
hydrate mimics, to provide the remaining structural units to 

25 either coordinate to calcium in the binding pocket, to 
functionally mimic the binding properties of L-fucose or to 
supply additional structural features contributing to the 
inhibition of cellular adhesion. 

The methods described herein provide reacting 

30 glycosides or glycomimetics with amine or amide based 
structures, such as amine heterocycles / iso-nipecotates , 
open-chain amine structures, etc., to yield the invention 
compounds. The plurality of different amine based compounds 
may be synthesized either in liquid phase or, alternately, 

35 linked to a solid synthesis support or in a mixture of both. 
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frol hi ' 3 3mine b " ed founds -V »• Cleave 

PCT/US^/n^ " SUPPOIt ~ "096/36627 or 

PCT/US96/06522, . The compounds generated by the methods of 
the present invention may comprise an array of mole 

::L t ; amine based structu - a — 

y ' cnio -L/ amido, and amino groups. i n 

0 8 m ° lety 1,35 "°" °™ -"able functional 

group one or .ore such functional groups may be protected 
by suable protecting groups during the coupling reaction 
Preferred protecting groups include, but are not li ra ited to, 
benzyl or acetyl groups. Aft . r the coupling reaction, Z 
protecting groups may selectively be removed 

for t T h h ; OUgh ° Ut J hiS « standard numbering scheme 

for the amme based structures, „m be referred to as 
described rn the Merc, Index for nipecotic acid ,3- 
prperrdinecarboxylic acid) . See Merek 11 6478 ©1989- 



Or 

N 
H 



CO,H 



emnl h nUmber ° f amine ba3ed "ructor.. may be 

sTrLel a % Startin9 matSrlalS in ^ ^o^n g synthetic 
strategies to yreld sLe» and sLe» glycomimstics . These 
materials can be prepared under standard organic 
methodologies. m addition, for some invention compounds 
25 pyrid.ne.type structures can be reduced to a Lsir^ 
heterocycle using 10% Pdc in ethanol and concentrated 
hydrochloric acrd. The f unctionalization of the amine, amide 
or other utilizable functional group also can be performed 
30 Z alkylatl ° n ' -Vlation or other suitable functional 
30 groups, usxng for example C1S0 2 G, wherein G represents a 
general glycoside or glycomimetic as described earlier 
Preferred amine based starting materials may have an amine' 
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or other reactive group, associated with an amine based 
heterocycle. More preferred are amine based structures that 
have an amine, hydroxyl or other reactive groups and in some 
cases a carboxylic acid or acids situated around a core 
5 structure . 

Synthesis of certain of the invention compounds require 
manipulation about the hydroxyl positions of an amine based 
structure. Some of these manipulations involve a double 
inversion methodology about this center. The compounds can 
10 be inverted from the B- form to the a- form i.e. the B-OH to 
the ce-OH, using the Mitsunobu method (Mitsunobu, o 
Synthesis (1981), 1). 

Other Synthetic Aspects 

The synthesis of invention compounds containing 
15 carbohydrates attached to the carbon linking arms for the 
glycoside conjugates are accomplished by usual glycosidation 
methods. Alternately, any carbohydrate unit being charged 
or uncharged and/or desoxygenated species can be formed 
using the carbon-glycosylation procedure given in this 
20 disclosure, but this disclosure does not exclude analogs 
prepared from branched, linear or other forms of di-, tri- 
and poly saccharides or oligosaccharides or combinations. A 
derivatized carbon-glycoside can be further utilized as a 
linking group between a pyran ring and the spacer attached 
25 to the amine based structures, by a selective protection 
methodology involving use of a 2 • 3 • -benzylidene derivative 
in which selective rearrangement and/or f unctionalization 
and/or glycosidation can be accomplished prior to 
deprotection. Thus, the various derivatives are converted 
30 to potentially more useful compounds. 

International Application No. W096/36627 describes a 
set of general protocols that may be used to synthesize the 
disclosed compounds. The reader is referred to these 
general protocols which are incorporated herein by 
35 reference. 

SUBSTITUTE SHEET (RULE 26) 



BNSDOCID: <WO 9929705A3JA> 



WO 99/29705 



PCT/US98/25783 



20 



Synthesis of Carbon GJ j E o3ide_C S n B ounds 

A vast array of methods for carbon-carbon bond 

z m : T^rr omeric carbon ° f a giyc ° side - — - 
5 ^.r^r^r :r p r d r the formation ° f — 

sulfur k carbon-phosphorous, carbon- 

sulfur carbon-mtrogen, or carbon-silicon bonds at the 

carbTl T iti0n - ^ tyPiCSl Pr ° CedU " to 

b 0 ° n nd : he at ™ ic evolves nucleophilic 

10 electrophil elect -P""c center. A wide variety of 

electroph.lrc sugars have been employed, such as reducing 
sugars ,or lactols,, alfcyl glycosides, anomeric esters 
I"™"" cetimidates, and glycosyl halides. The 

carbon nucleophiles that have been used include silyl enol 

is r allyl ~- prop - 9yisiian - • 

enolates, and organogenies such as Grignard reagents 
orga„ol ithiui „s, cuprates, and alu ra inates. These rlll'ons 
can be used to modify th . anomeric position _ Prot .^g 
groups used when modifying the anomeric position of 

The c-atom of the carbohydrate used for the formation of the 
carbon glycosidic bond can be modified by differential 
protection of functional groups, as win be apparent to 
those skilled in the art ■ Parent to 

_ art * Techniques and methods for the 

25 protection of functional groups can ^ * 

Places, in Greene and wutz, J.a ^ ^ 

for the T ^""^ type, have been employed 

1992 Tetrad: PosteL, 

30 1995 ^ff^ ~ " P ° Stema ' C " G1 — ide Synthesis, 

30 1995 CRC Press, Ann Arbor, Michigan). For example 

concerted reactions, such as the sigmatropic rearrangement 
cycloadditions and the Diels-Alder Reaction, can be used for 
the formation of carbon giy COsides . ^ the f ~ 

Reaction has extensively been aooli *h «- u 9 

„ . * ueen applied to carbon glycoside 

35 synthesis, which can be pursued bv rM - ■ ^ w ycoslde 

, , . H suea °y reaction of hemiacetals 

followed by ring closure, reaction of , 3 

r reaction of sugar lactones, or 
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reaction of anomeric phosphoranes. Other approaches for the 
synthesis of carbon glycosides encompass, among others, 
palladium mediated reactions, free radical reactions, and 
reactions relying on the electrophilic activity of the 
5 anomeric center of sugar molecules. These methods are 
readily known by the skilled artisan and are discussed at 
length in WO 97/30984,. which disclosure has been 
incorporated herein by reference. 



10 



Multivalent Forms of Amine Based Structures 

The affinity of the compounds of the invention for a 
receptor can be enhanced by providing multiple copies of the 
invention compounds in close proximity, preferably using a 
scaffolding provided by a carrier moiety. It has been shown 
that provision of such a multiple valence with optimal 
15 spacing between the moieties dramatically improves binding 
to a receptor. (See, for example, Lee, Y. C. et al . , 
Biochem 23 :4255 (1984)). 

The multivalency and spacing can be controlled by 
selection of a suitable carrier moiety. Such moieties 
20 include but are not limited to molecular supports which 
contain a multiplicity of functional groups that can be 
reacted with functional groups associated with the compounds 
of the invention. A particularly preferred approach 

involves coupling of the compounds of the invention to amino 
25 groups of the carrier through reductive amination. 
Reductive amination is a particularly convenient way to 
couple aldehyde moieties to free amino groups by first 
forming a Schiff base and then treating the conjugate with a 
reducing agent, such as a hydride reducing agent. 
30 Typically, the amino group-bearing carrier is mixed with the 
carbohydrate moiety at about pH 9 and allowed to form the 
Schiff base; the solvents are typically evaporated and a 
reducing agent is added at high pH to complete the reaction. 

Particularly convenient carrier moieties to obtain 
35 multivalent forms of the invention compounds include 
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aromatic linkers, alinhsi-ir 

axipnatic chains, amines ( e a 

N(CH 2 CH 2 NH 2 ) 3 >, proteins and peptides, particularly those 

containing lysyl residues which have co-amino groups 

available for binding. These linking units serve to present 

5 symmetrical and unsymmetrical monomer units at a specified 

distance to change the binding affinity of the construct 

It is also useful to include in the peptide or protein at 

least one tyrosine residue, as this offers a convenient site 

for labeling, for example with radioactive iodine a 

10 particularly convenient carrier to obtain a trivalent couple 

xs the peptide Lys-Tyr-Lys. Complete reaction of the 

compounds of the invention with the free amino groups on 

this peptide result in a trivalent moiety. Thus, for 

example, compounds of the invention of the general formula 

15 (2) may be used to make multivalent constructs- 

OH 

Formula 2 

Of course, a variety of carriers can be used, including 
proteins such as BSA or HSA, a multiplicity of peptides 
including, for example, pentapeptides , decapeptides , 
20 pentadecapeptides, and the like. Preferably, the peptides 
or proteins contain the desired number of amino acid 
residues having free amino groups in their side chains; 
however, other functional groups, such as sulfhydryl groups 
or hydroxyl groups can also be used to obtain stable link- 
25 ages. For example, the steroid or carbohydrate compounds of 
the invention may be oxidized to contain carboxyl groups or 
utilize the carboxyl groups which can then be derivatized 
with either free amino groups to form amides or with 
hydroxyl groups to form esters. In addition, a suitably 
functionalized biotin tether may be attached with subsequent 
complexation with avidin for multivalent forms. 



30 
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in 



The structure of the inventive compounds may be 
different isomeric forms and such are encompassed by this 
disclosure. In particular, the carbon glycoside moiety may 
be in either the alpha or beta configuration and the linkage 
by which any sugar is attached may be either axial or 
equatorial. For instance, acetates and benzoates may serve 
as protecting groups for the hydroxyl groups in sugars and 
display neighboring group participation in glycosidation 
reactions. Thus, by judicious choice of protecting groups 
prior to the glycosidation, i.e., benzyl ethers, acetates or 
benzoates, one can preferentially select for either the 
alpha- or beta- carbon linked glycosides (H. Paulsen, Angew 

Chem, Int^ Ed. Engl., 21:155 (1982); R.R. Schmidt, 

"Synthesis of Carbon linked glycosides in Comprehensive 
15 Organic Synthesis", Ed. B.M. Trost, 6:33-64). Thus, here 
and throughout the different stereo configurations are not 
shown but are understood to be encompassed by this 
disclosure and the appended claims. 
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Carbohydrate and Non-Carbohydrate Glycomimetic Units 

Figure 3 shows a non-exclusive set of carbohydrate and 
non-carbohydrate glycomimetics that are useful to provide 
the chelating site shown in Figure 1. The structures in 
Figure 3 can be utilized as the G Group in structural 
formula I. These compounds can be obtained from 

25 conventional sources. 

III. Examples 

The following examples are put forth so as to provide 
those of ordinary skill in the art with a complete 
disclosure and description of how to make the compounds and 
30 compositions of the invention and are not intended to limit 
the scope of what the inventors regard as their invention. 
Efforts have been made to ensure accuracy with respect to 
numbers that would be used (e.g., amounts, temperature, 
etc.) but some experimental errors and deviations should be 
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accounted for. Unless indicated otherwise, parts are parts 

by weight, molecular weight is uoi „u parts 

h( . _ ^ lgnt ls "eight average molecular 

weight, te m perature is in degrees centigrade and pressure is 

at or near atmospheric. 

5 °" tain -aerials and methods are described in the 

DeiivatI rePr ; S : ntati ^ "«»•"• -»d patent applications: 
Derivatives of Triterpenoid Acids and Uses Thereof." ,u s 
Patent No . 5,568, 8a0,; "Lupane Triterpenoid Derivatives''. 

10 L; • » Snt N °' 5 ' 643 ' 884); "^ycomimetic CoMbinatorial 
10 Libraries" (W096/36627) ; and »Si a i„i , • » 

r„„..,- • Sialyl Lewis" Miraetics 

Containing Phenyl Backbones" (WO97/30984 ) . These and all 
other references cited herein are hereby incorporated by 
reference m their entirety. 

15 what inSt tT ±nVenti0n ±S Shown •»«! described herein in 

15 what ls considered to be the most practical, and preferred 
embodiments. It is recognized, however, that departures may 
be made therefrom which are within the scope of the 
invention, and that obvious modifications will occur to one 
skilled in the art upon reading this disclosure. 

20 Materials 

as ,T 9 Tl PUrCh3Sed fr ° m commercial suppliers such 

as Pfanstiehl Laboratories, Aldrich Chemical Company or 
Lancaster Synthesis Ltd. and were used without further 

25 (THFf iCa H i0 ri n U K leSS ° therWiSe -dicated. Tetrahydrof uran 
(THF) and dimethylf oramide ( DMF) were purchased from Aldrich 
xn sure seal bottles and used as received. All solvents 
were purified by using standard methods readily known to 
those skilled in the art unless otherwise indicated. 

Example 1 

Preparation of Key Synthetic Intermediate 



30 



an 



in order to prepare many of the invention compounds, 
activated C-glycoside compound can be a useful starting 
material. The synthesis of several such intermediates 
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according to general schemes 1 and 2 (shown below) is 
therefore disclosed. 
Scheme 1 : 



a OAc 



CI^U^SiRa 



BnO" Y ^ OBn BnO' 
OBn Catalytic TMSTf 



OBn 



R = (3) Me or (4) OMe 



OBn 
5 



BnO 



O'* 



BnO 'OBn 
OBn 

10 



Y^ 1 



BnO 



BnO 




OBn 



OBn 
11 



Scheme 2: 



'"OC 

AcO' ^Y^OAc 
OAc 

12 



R = (3) Me 
3:1 BF 3 OEt 2 to TMSTf 
CH 3 CN Reflux 



SiR 3 "-..^O. 
AcO 



:Cor° 

oac 



OAc 
16 



AcO 




AcO" "Y" 'OAc 
OAc 

18 



AcO 



AcO 




AcO 
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2-Chloromethy l-3- (tri-O-h^nTvi i ~u T ~ ^ 

propene 

The following synthetic chemical intermediate compound 
was synthesized as described. 



^"^A* CH 2 
BnO ; OBn 

OBn 



5 



To a solution of tri-O-benzyl-L-f ucopyranose (20 0 a 
46.03 mole, 1.00 mmole equiv.) in anhydrous acetonitrile 
(200 mL) at 0°C was added 2-chloromethyl-3-trimethylsilyl-i- 
propene (30.0 g, 1 84 . 34 mmole, 4.00 mmole equiv ) 
10 Trxmethylsilane trif luoromethane sulfonic acid (10 24 g" 
46.03 mmol, 1.00 mmole equiv.) was added dropwise in 
anhydrous acetonitrile (30 mL, overall reaction 
concentration 0.2M) and the reaction contents were stirred 
at 0O C for 30 minutes. After 30 minutes, the reaction was 
15 diluted with ethyl acetate (230 mL) and the reaction was 
terminated by pouring the contents slowly into aqueous 
saturated sodium bicarbonate. The heterogeneous layers were 
separated and the organic phase was washed twice with 
portions of water, 1 . 0M hydrochloric acid and brine The 
crude product was dried over anhydrous sodium sulfate 
filtered and plugged through a small pad of silica gel. The 
solvent was removed in vacuo which afforded an oil that was 
chromatographed on Baker grade flash silica gel (47-61mm) 
(ratio of 50 to 1) and eluted with 5 or 10% ethyl acetate in 
25 hexanes. Concentration in vacuo afforded 20.01 g of 2- 
Chloromethyl-3- ( tri-O-benzyl-alpha-L-C-f ucopyranoside) -1- 
propene (85%). when using the 2-chloromethyl-3- 

tnmethoxysilyl-l-propene reagent i n p i ace of the 2 _ 
chloromethyl-3-trimethylsil y l-i- pr0 p ene and the fa x 
30 protected sugars, some methyl glycoside was observed in the 
benzyl case and 1.00 mmole equiv. Q f trimethylsilyl- 
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triflouromethane sulfonate was needed for better efficiency 
of the reaction- 

2,3, 4-tri-0-benzYl-alp ha- L-C- f iicopvranosid« allvl nh1 ftH 
reagent . 

5 An alternate procedure starting from the anomeric 

hydroxyl can be done as follows: To a solution of tri-O- 
benzyl-L-fucopyranose 1 (20.0 g, 46.03 mmole, 1.00 mmole 
equiv.) in anhydrous acetonitrile (200 mL) at 0O C was added 
2-chloromethyl-3-trimethylsilyl-l- P ro P ene (30.0 g, 184 34 
10 mole, 4.00 mmole equiv.). Trimethylsilane trif luoromethane 
sulfonic acid (10.24 g, 46.03 mmol, 1.00 mmole equiv.) was 
added dropwise in anhydrous acetonitrile (30 mL, overall 
reaction concentration 0.2M) and the reaction contents were 
stirred at 0 o C for 30 minutes. After 30 minutes, the 
15 reaction was diluted with ethyl acetate (230 mL) and the 
reaction was terminated by pouring the contents slowly into 
aqueous saturated sodium bicarbonate. The heterogeneous 
layers were separated and the organic phase was washed twice 
with portions of water, 1 . 0M hydrochloric acid and brine 
20 The crude product was dried over anhydrous sodium sulfate, 
filtered and plugged through a small pad of silica gel. The 
solvent was removed in vacuo which afforded an oil that was 
chromatographed on Baker grade flash silica gel (47-61mm) 
(ratio of 50 to 1) and eluted with 5 or 10% ethyl acetate in 
25 hexanes. Concentration in vacuo afforded 20.01 g of 2- 
Chloromethyl-3- ( tri-O-benzyl-a-L-C-f ucopyranoside ) -1-propene 
(85%). MW=507, [a]D: -27.37, C =0.95 in CHCI3 . A second 
product, obtained as a result of these conditions, was the 

a-L-2,3,4-tri-0-benzyl-fucopyranose-a-L-2,3,4-tri-0-benzyl- 
30 fucopyranose. mp=47-4 9°C. 1h-NMR (CDCI3) 6, 7.20-7.50 (m, 
15H, aromatics), 5.2 (6, J=47.9 Hz, 2H, terminal vinyl)' 
4 .50-4.90 (complex multiplet, 6H, benzylic) , 4.25 (p, i H , H - 
1), 4.10 (s, 2H, -CH2C1), 3.90 (m, 1H) , 3.75 (s, IH) , 2 50 
(m, 2H), 1.25 (5, 3H) . 13 C - NMR (CD CL 3 ) 5 142.68 alkene ( e ) 
35 138.62 aromatic (e) , 138.39 aromatic (e) , 138.11 aromatic 
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for 3 

15 



(e) , 128.17 aromatic (o) 107 

lo; , 12/. 86 aromatic (o) , 127 45 

aromatic (=) , 127.3. aromatic ,o) , 116.28 alkene ,., , 76' 5 8 
«»). 75. 9 5 ,o), 73.24 ,e, . 72 . 9 7 ,., , 68 . 33 (o > 8 23 
CH2C1 30.30 al lylic (e) , 15 . 38 rucose methyl «o, .' Mass 

5 Spec. (LSZMS with mNBA) 505.1/507.3. Analytical Calculated 
for C31H35CIO4: C, 73.43; H, 6.96. Found: c, 73.16; H, 7.12. 

2-Iodometh Y l-3- 1 2.3,4-tr 1 -0- b enzv 1 - < ,-,.-.- fucoDvran „ g<He ,,, 1 _ 

propene . • 

, T ° a . St±rred SUSpenSi ° n of NaI MBO g, 3222 mmole, 5 
10 mmole equiv., in acetone (3 L) was added 2-Chloromethyl-3- 

(trx-O-benzyl-a-L-C-fucopyranosideJ-l-propene (331 g 653 
mmole 1 nunole equiv. ) and the reaction was heated to reflux 
for 3 hours and then allowed to cool to room temperature. 
The reactxon was monitored by tic (product Rf slightly 
higher than starting material). The tic conditions used were 
10% ethyl acetate in hexanes (v/v) . The reaction contents 
were poured into cold water and extracted with EtOAc. The 
organic layer was washed twice with saturated cold sodium 
thxosulfate, saturated NaHC0 3 , and with water. The product 
20 was dried over anhydrous sodium sulfate and filtered to 
remove the drying agent. The solvent was removed in vacuo 
whxch afforded a light yellow waxy solid. The product was 
dissolved in THF and then concentrated in vacuo at low 
temperatures twice to remove any residual solvents not 
25 desxred for the nest step to afforded 380g of 2-Iodomethyl- 

3-(2,3,4-tri-0-ben Z yl-a-L-C-fucopyranoside)-l-propene (97%) . 
Thxs reagent should not be stored and was used immediately 
protected from heat and light. 1 H -NMR spectral analysis of 
the reagent was consistant with its structure. 

30 2 - ^^Tri-O-benzyl-a-L-C ^ Fucopyranoside allvl 
reagent . 

To a stirred suspension of LiBr (42.72 g, 493 mmole, 5 
mmole equiv.) in THF (197 mL) was added 2 -Chloromethyl-3- 
(tri-0-benzyl-«-L-C-fucop yranO aide)-l-p ropene (50.0 g, 98 6 
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mmole, 1 mnole equiv.) and the reaction was heated to reflux 
for 3 hours and then allowed to cool to room temperature. 
The reaction was monitored by tic (product Rf slightly 
higher than starting material). The tic conditions used 
5 were 10% ethyl acetate in hexanes (v/v) . The reaction 
contents were condensed to half of the original volume of 
THF, poured into cold water and extracted with EtOAc. The 
organic layer was washed twice with water, 1 . 0M HC1 and 
again with water. The product was dried over anhydrous 
10 sodium sulfate and filtered to remove the drying agent. The 
solvent was removed in vacuo which afforded a light yellow 
solid. The product was dissolved in methanol and then 
concentrated in vacuo at low temperatures twice to remove 
any residual solvents. The product was dissolved in warm 
15 methanol (150 mL) and cooled to 0O C overnight. Filtration of 
the solids gave 4 0.8 grams as a white crystalline solid. 
Concentration of the mother liquors to half of the original 
volume and again cooling to 0O C overnight gave an additional 
10.87 grams of a white crystalline solid. Combined recovery 
20 was 51.67 grams of 2-bromomethyl-3- (2, 3, 4-tri-O-benzyl-cc-L- 
C-fucopyranoside)-l-propene. mp=51 . 5-53°C, 95% overall 

yield^ iH-NMR (CDC1 3 ) 5, 7.20-7.50 (m, 15H, aromatics), 5.2 
6, J=61.5 Hz, 2H, terminal vinyl), 4.50-4.90 (complex 
multiplet, 6H, benzylic) , 4.25 (p, J=4.22 Hz, 1H, H-l), 4.04 
25 (6, J=3.1Hz, 2H, -CH 2 Br) , 3.90 (m, 1H) , 3.75 (s, 1H) , 2.50 
(m, 2H), 1.25 (5, 3H) . 13 C -NMR (CDCI3 ) 5 1423.11 alkene (e) , 
138.77 aromatic (e), 138.53 aromatic (e) , 138.26 aromatic 
(e), 128.17 aromatic (o) , 127.86 aromatic (o) , 127.45 
aromatic (o) , 127.34 aromatic (o) , 117.00 alkene (e) , 76.69 
30 (o), 76.16 (o), 73.46 ( e ), 73.11 (e) , 69.9 (o) , 68.46 (o) , 
37.03 -CH 2 Br (e) , 30.54 allylic (e) , 15.61 fucose methyl 
(o) . Analytical Calculated for C3iH35BrC>4 : c, 67.51; h 
6.40. Found: C, 67.81; H, 6.56. 
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2,3,4 f 6-Tetra-0-benzY 1 -a- D -c-Gluco D vr,no s ide allyl chlori Hp 
reagent - — 



The react.cn was performed according to the teachings 
dxsclosed herein and resulted in a 91% yield, mp=79-8lo C 
5 1H-NMR (CDC13) 6, 7. 10-7.40 (20H, , 5.1 (6, J=413 Hz 2H " 

4 ' 96 10 - 8? HZ ' 1H) ' 4 - 82 < 5 ' 10-87 Hz,' 

1H 82, (5, J= 10.56 Hz,.lH>, 4.63 (5, J= 12.15 Hz, lH , 

4. 5 ,=12.15 Hz, 1H), 4.45 (5, J= l 0 . 56 H z, 1 H ) , 4.67 ( , 

J-11.6 Hz, 2H), 4.24 (p, J=5 .07 Hz, 1H, H-l), 4.12 ( s 2H) 

10 3. 68 (m, 6H, ring), 2.65 ( m , 2H) . 13 C - NM R (CDCI3 ) 6 142 32 

alkene (e) , 138.68 ( e , , i 38 .08 (e) , 137.93 (e) , 128 5 (o) 

128.0 <o>, 127.8 <o), 127.5 (o) , 116.95 alkene (e) ," 82 31 

ring (o) 79.85 ring (o , , 77.91 ring (o) , 75.56 (e) , 7 5 ;i6 

(e), 73.46 (e), 73.19 (e) , 72.80 ring (o , , 71.31 ring (o) 

15 68 79CH 2 ring (e) , 48.15 CH 2 C1 allylic (e, , 27.98 allylic 

(e). Mass Spec. (LSIMS with mNBA and NaOAc ) 635.2 (MNa + ) 

Analytical Calculated for C38H41CIO5: C, 74.43; H, 674' 

Found: C, 74.62; H, 6.92. Note that the use of the ' tr± '_ 

methoxy reagent sometimes results in lower yields (50-80%) 

20 in some cases due to unreacted starting materials. 

2,3,4, 6-Tetra-0 -ben z y l-a-D-c-Galacto rvranoside 

chloride reagent. ■ 

The reaction was performed according to the teachings 
disclosed herein and resulted in an 84% yield. The compound 
25 isolated as an oil. 1 H -MMR (CDCI3) 6, 7.25 (m, 20H) , 5 16 
(6 J=37.54 Hz, 2H), 4.85-4.50 (overlapping benzylic 
patterns, 6H) , 4.26 (P , 3.85 Hz, 1 H , H-l), 4. 16 (s, 2H) 
4.09 (m, 2H) 3.88 (m, 2H) , 3.79 (dd, J=4 . 88 Hz, 1H, , 2.59 
<m, 2H). 13 C -NMR (CDCI3) 6 143.32 alkene (e) , 139 21 (e) 
30 139.09 (e), 138.90 (e) , 138.83 (e) , 128.5 (o) , 128.0 {o ) 
127.8 (o), 127.5 (o), 117.22 alkene (e) , 77.32 ring (0) 
74 .89 ring (o) , 74.00 (e) , 73.88 (e) , 73.83 (e) , 73.69 ( e ) ' 
72.72 (o), 68.19 (e, , 49.09 (e) , 28.98 allylic ( e) . MaS s 
Spec. (LSIMS with mNBA and NaOAc ) 635.3 (MNa + ) . Analytical 
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Calculated for C 38 H 41 C105: C, 74.43; H, 6.74. Found: c, 
74.31; H, 6.87. 

General reaction comments: The reagent ratios for the 
remaining per-O-acetylated carbohydrates were for example: 
1,2,3, 4, 6-penta-O-Acetyl-D-galactopyranoside (1.00 mmole 
equiv.) and 2-chloromethyl-3-trimethylsilyl-l-p rop ene (2.00 
mmole equiv.) were dissolved in acetonitrile (1.3M). Boron 
trifluoride etherate (2.00 mmole equiv.) and trimethyl- 
silyltriflouromethane sulfonate (0.40 mmole equiv.) were 
carefully added neat at room temperature. The reaction was 
refluxed for 6 hours and worked up as described. TLC 30% 
ethyl acetate in hexanes . 

2,3,4-Tri-O-acetyl-g-L-C-Fucopvranoside ally! chloride 

reagent . 

15 This compound was synthesized according to the 

teachings disclosed herein and resulted in an 85% yield. The 
compound isolated as an oil. ^H-NMR (CDC1 3 ) 5, 5.3 (m, 1H) , 
5.2 (m, 2H), 5.2 (s , 1H) , 5.05 (s, 1H) , 4.38 (m, J=3.48 Hz,' 
1H, H-l), 4.09 (s, 2H), 3.95 (dq, J=1.71 Hz and 4.70 Hz, 
20 1H), 2.6 (dd, J=11.39 Hz, 1H) , 2.4 (dd, J=3.42 Hz, 1H) , 2.15 
(s, 3H), 2.05 (s, 3H), 1.98 (s, 3H) , 1.09 (6, J=6.41 Hz, 
3H). 13 C -NMR (CDCI3) 6 171.03 acetyl (e) , 170.66 acetyl (e) 
170.38 acetyl (e) , 142.06 alkene (e) , 117.72 alkene (e) , 
71.66 ring (o) , 71.19 ring (o) , 68. 94 ring (o) , 68.40 ring 
25 (o), 66.33 ring (o) , 48.51 allylic (chloride side) (e) , 
29.50 allylic (e) , 20.77 (o) , 20.71 (o) , 20.64 (o) , 16.53 L- 
fucose methyl group (o) . IR 2985, 1746, 1646 cm"!. Mass 
Spec. (LSIMS with mNBA and NaOAc) 385.1 (MNa+) , 363.2 (MH+) . 
Analytical Calculated for C16H23CIO7: C, 52.97; H, 6.39. 
30 Found: C, 52.66; H, 6.40. 



Fucoside-2, 3, 4-trihydroxyl allyl chloride. 

The reaction was quantitative, mp=185-18 6 . 5°C . ^H-NMR 
(CDCI3) 5, 5.02 (5, j=42.8, 2H, terminal vinyl), 4.01 
allylic -CH2C1 (s, 2H), 3. 89 (p, J=3.91 Hz, 1H, H-l), 3.69 
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(m, 2H, H-2 & 5), 3.45 (m, 2H , H-3 & 4 ) , 2.36 ( m , 2H , 
allylic), 0.97 (5, J=6.47 Hz, 3H) . 13 C -NMR (CD 3 OD) 5 145 35 
alkene (e) , 117.18 alkene (e) , 75.35 ring (0) , 72.84 ring 
(o), 72.34 ring (o) , 69.88 ring (o) , 69.15 ring (o) , 49 34 - 
5 CH2C1 (e), 29.50 allylic (e) , 17.05 L-fucose methyl (o) 
Mass Spec. (LSIMS with Gly) 237.1 (MH + ) . Analytical 
Calculated for C10H17CIO4 : . C, 50.74; H, 7.24. Found- C 
50.63; H, 7.43. 

2, 3, 4, 6-Tetra-O-acetv l -g-D-c-GalactopvranosidP allyl 

10 chloride reagent. ' ' 

The reaction resulted in a 74% yield, mp=80-82°C Ifi- 
NMR (CDCI3 ) 5, 5.31 (br, 1H) , 5.16 (m, 2H) , 5.05 (5, J=47.17 
Hz, 2H, terminal vinyl), 4.33 (m, J=3.54, 1H, H-l), 4 1-3 9 
<m, 3H), 4.02 (s, 2H), 2.52 (dd, J=11.41, 1H) , 2.28 (dd, 
15 J=2.75, 1H), 2.01 (s , 3H, acetyl), 1 . 98 (s , 3H , acetyl), 
1.91 (s, 6H, acetyl). 13 C - NM R (CDCI3 ) 5 170.18 acetyl (e) 
169.81 acetyl (e) , 169.67 acetyl (e) , 169.53 acetyl (e) ' 
141.04 alkene (e) , 117.17 alkene (e) , 70.64 ring (o) , 68 09 
ring (o) , 67.79 ring (o) , 67.55 ring (o) , 67.42 ring (o ) , 
20 62.32 C-6 ring (e) , 47. 65 -CH 2 C1 (e) , 28.86 allylic (e) 
20.53 acetyl group (o) , 20.47 acetyl group (o) , 20.41 acetyl 
group (o). IR 2958, 1729, 1646 cm"!. Mass Spec. (LSIMS with 
mNBA and NaOAc) 443. 1 {MNa +, , 421.2 (MH + ) . Analytical 
Calculated for Ci 8 H 25 Cl0 9 : C, 51.37; H, 5.99. Found- C 
25 51.47; H, 6.15. 

2,3,4, 6-Tetra-O-acetyl-a- D-c-Mannopyranoside allyl chloride 
reagent . " " 

The reaction resulted in an 80% yield, and the compound 
isolated as an oil. 1 H -NMR (CDCI3 ) 5 5.13 (m, 3H) , 5.12 (6, 
30 J=41.76 Hz, 2H, terminal vinyl), 4.20 (q, j=6.41 Hz, 1H, H- 
1), 4.05 (m, 2H), 4.04 (6, j=i . 65 Hz, 2H) , 3.85 (m, J=2 69 
Hz, 1H), 2.60 (dd, J=10.32 Hz, 1H) , 2.39 (dd, J=4.52 Hz, 
1H), 2.03 (s, 3H, acetyl), lm9B (s , 3Hf acety l) , !. 93 (s ' 
3H, acetyl). 13 C -NMR (CDCI3, 5 170.28 acetyl (e) , i 6 9 8 9 
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acetyl (e) , 169.66 acetyl (e) , 169.37 acetyl ( e ) , 140 43 
alkene (e) , H7.61 alkene (e) , 73.06 ring (o) , 70.52 ring 
(o), 70.07 ring (o) , 68.47 ring (o) , 66.52 ring (o) , 62 04 
CH 2 (e), 47.47 -CH 2 C1 (e , , 31.95 allylic (e) , 20.67 acetyl 
5 CH 3 <o>, 20.50 acetyl CH 3 (o) , 20.47 acetyl CH 3 (o) , 20 43 
acetyl CH 3 (o) . IR 2958, 1729, 1646 crn-1. Mass Spec. (LSIMS 
with mNBA and NaOAc) 443.0 (MNa + ) , 421.3 (MH+) . 

2,3,4,6-Tetra-O-acetyl- g-D- c-Glu c opvranoside allvl eh i n H rf 0 
reagent . 



10 



The reaction resulted in a 20% yield, and the compound 
xsolated as an oil. 1 H -NMR (CDCI3 ) 5, 5.26 (t, J=9.l 0 Hz 
1H, H-3), 5.10 (d, J=45.12 Hz, 2H, terminal vinyl), 5.02 (m' 
1H, H-2), 4.90 (t, J=8.97 Hz, 1H, H-4), 4.33 (m, 1H, H-l)' 
4.13 (dd, J=5.44 Hz, 1H, H-6) , 3.98 (dd, J=2 . 62 Hz, 1H H- 
15 6), 4.05 (s, 2H, -CH 2 C1) , 3.86 (m, 1H, H-5), 2.61 (dd, 
J-11.54 Hz, 1H), 2.38 (dd, j-3.17 Hz, 1H) , 1.99 (s, 3H, 
acetyl), 1.98 (s, 3H, acetyl), 1.96 (s, 3H, acetyl), 1.95 
(s, 3H, acetyl). 13 C -NMR (CDCI3) d 172.03 acetyl (e) , 171 54 
acetyl (e) , 171.04 acetyl (e) , 170.99 acetyl (e) , 142 33 
20 alkene (e) , 118.96 alkene (e) , 72.55 ring (o) , 71.57 ring 
(o), 71.43 ring (o) , 70.49 ring (o) , 70.13 ring (o) , 63.63 
C-6 ring (e) , 49.29 -CH 2 C1 (e) , 30.15 allylic (e) , 22.11 
acetyl groups (o) , 22.06 acetyl groups. IR 2958, 1729, 1646 



cm' 



25 Example 2 

Charge/Distance Spatial Rela tionships of sLe* and .t.p* 
Glycomimetics — ~ 

Structural glycomimetics based on isonipecotic 
carboxypiperidine, and other heterocyclic acids, including 
sulfated analogs also were designed to mimic the functional 
biological activity of complex carbohydrates important in 
cell adhesion such as sialyl Lewis* (sLe x ) and sialyl Lewis 3 
(sLe a ) . 
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In this approach, we utilized tho * 
^ = v iuzea the functional structural 

cell-based asss « „ • 6Ctln blndln 9 domain in 

xx cased assays or animal inflammatory models a k <- 
showing this Heterocycle Design Matrix is sh 

On the left side of the chart, a set of I " ^ °' 
non-carbohydrate glycomimetics ^ 
10 .iiencs were combined with sialic aclrt , 

(shown along the top of the chart, to f °" t "' r * 0 * 

the present invention tL k compounds of 

Identification numTrs for ""^ ^ Cha " «« 

below. compounds described further 

15 The attachment of carbon glycosides of Example , 

aromatic acids to the nitrogen of eth y l nipecotate o ^to the 

Fmoc protected -i sori r^«~4- « _ . , uo cne 



Fmoc protected isonipecotic acid attached to a w 
GM4356, allows for i-h- tcacne ^ to a Wang resin 

Parallel combinatorial hni^™' 

procedure for action of lomatic 'lei™ P ™ 
acads coupled on Wang's resin is shown below: 



UUOH 

N ^°-\_>-CH J OOC-^_jN- Fm oc 




20% piperidine 

NH 



OOC-i N _u__,. i OAc 



OH 



OAc 
OH 

OH 
OH 
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In a similar manner, the carboxymethylene piperidine 
analogs and the extended derivatives were explored. We 
initially began with an L-fucoside reagent such as GM2998 
and GM27 8 6 and then began to explore additional carbon- 
5 glycosides as a functional mimic of L-fucose as potential 
calcium ion coordinators for the modulation of cell 
adhesion. The design advantage of this approach is the vast 
numbers of structural glycomimetics that are possible 
through traditional medicinal chemistry, and combinatorial 
10 techniques, with fewer chiral centers compared to the 
complex oligosaccharide epitopes. The protecting groups are 
easily removed under standard techniques. As shown in 
Table U, one can either extend the carboxyl functionality or 
change the carbohydrate epitope within a particular class of 
15 compounds. This charge-distance-coordination-design-matrix 
design strategy allows for the rapid evaluation of 
structural mimics and to correlate biological activities 

We predicted that by generating carbon-glycoside-based 
glycomimetic building blocks, that they should be 
20 physiologically stable ( carbon-glycosides are not cleaved by 
any known enzymes), contain a more linear charge-distance- 
coordination approach rather than a replica of sLe x , show 
inhibition of selectin-mediated adhesive interactions both 
±n vitro and in vivo, utilize other carbohydrates as 
25 coordinating mimics besides L-fucose and be useful in 
traditional medicinal chemistries and combinatorial 
methodologies. In this matrix design, one can readily see 
that the building blocks are derived from alkylation 
acylation and other types of strategies. m addition,' 
30 several types of compounds and complex sulfated 
oligosaccharides that do not contain sialic acid or fucose 
have been reported aS selectin inhibitors. Selectin 
inhibitors can be complex oligosaccharides, glycomimetics, 
sulfated glycomimetics, sulfatide, sulfated polymers such as 
35 fucoidan, heparin, heparin sulfate proteoglycans that bind 
to L-selectin and calcium-dependent heparin-like L-selectin 
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ligands, dextran sulfate q,,if ai . Q j , n . . 

^ . . ' sulfated glycolipids, polysulfat^ri 

derivatives of b-cyclodextrin a „ d smaller suifated su^ate 
clustering, species like sulfated myo-inositols show binding 
activity towards L -selectin. The interesting aspect of the"! 

L n : t ;; s is t t not an c ° nta±n « f i::: 

like the natural epitopes, but all contain charged and 
coordinating groups. and/or a cha £<" 

distribution, that are separated by various distances Thus 
the design and utilization of different structural motifs 

10 for selectin inhibition depend on the intended mode of use 
U.v i.h., p.o.) and desired pharmacological (SOME) 
profiles. Therefore, inorganic sulfates have been added t a 
selected set of compounds in order to address this concept 

Frgure 4 depicts an example of a set of ,-™ '., 

" L a l n d 9 /r" 3 "" 9 relatlonlr JZTZ 

and ir ths — of 



Example 3 

N-acylated Heterocy clic; 

20 Pyridine derivativ fis 

As shown in Figure 3, new pyridine based carbon- 

1> Z air!"" fr ° m C * Cll ""» °* ™1853 .compound 

1 and an allylic amine have been developed. Sub-structural 

25 GM3 y 67rr C bUildin9 bl ° CkS G " 3592 -d 

25 GM3672 (Compound 6, were designed to give alpha or beta 

Pyndine-based carbon-glycosides necessary to build 
glycomimetics capable of mimicking the functional biological 
activity of sle" and sLe". 9 Cil 

30 7 of T' SX T Ple deSC " beS the synthesis of Compounds 6 and 

capable ^ int6nt " C ° Uld -» =-P-nds 

capable of modulating selectin-mediated adhesive inter 
actions, and thereby attenuate the degree of leukocyte 

endothelial selectin-mediated cell adh=« f „„= = 

ea cexi Adhesions and thereby 
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modulate tissue injury and disease processes. Thus, we 
describe the synthesis of Compound 6 as a novel carbon- 
fucoside building block suitable for both traditional 
medxcinal chemistry approaches and to solid-phase combina- 
torial techniques for the construction of novel 
carbohydrate-based therapeutics. 

Materials and Methods: A novel pyridine carbon- 
glycoside was synthesized from the cyclization of C-glycosyl 
ketone aldehyde amine compound 3. The a-C-L-f ucopyranosyl- 
allylchloride 1 reacted with allylamine and then protected 
by di-tert-butyl-dicarbonate to give the diallylamine 
compound 2 in overall 99% yield. Compound 2 was ozonized and 
reduced by dimethylsulf ide to provide the ketone aldehyde 
compound 3 in 54% yield. The presence of the ketone and 
15 aldehyde groups were confirmed by 13 C -NMR spectrum. The 
peak d 204.36 ppm was assigned to the ketone carbonyl group 
and d 199.42 ppm to the aldehyde carbonyl group. Cyclization 
of compound 3 under the basic condition of NaOH in dry 
methanol did not give the expected aldol condensation 
20 product 8, but provided two pyridine C-glycosides 4 and 5 at 
a ratio of 2.5:1. The benzyl protecting groups on compounds 
4 and 5 were removed by catalytic hydrogenation to give the 
pyridine C-fucosides 6 and 7 . The structure of compounds 6 
and 7 were consistent with the structures drawn and by 1 H - 
25 3 C _ NMR and mass spectral analysis> NQ ketone peaks 

observed in the 13 C -NMR spectra for the two products. The 1 H- 
NMR spectra showed that there were no protecting groups on 
nitrogen for both products. The three peaks (doublet 
doublet and singlet) between d 6.8 ppm and 8.2 ppm in 1 H -NMR 
30 spectra and six peaks between d 124 Ppm and 156 p pm in 
^C-NMR spectra of the two products were assigned to the 
pyridine ring in both products. The a-conf iguration at C-l ' 
was confirmed by the small coupling constant of 2.6 Hz 

between H-l* and H-2 • The nvrann^i H n. 

1 pyranosyx rang opening in 

35 compound 7 was concluded by the absence of the peak around d 
5 ppm for H-l' and the presence of peaks at d 2.85 ppm for 
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H-l'a and H-l'b. Mass spectral analysis of the compounds 
showed peaks a/z 242 (M + H) + for compound 6 and m/z 244 
(M+H) + for compound 7. 

Other carbohydrates based on this allylic carbon- 
5 glycoside can also be used to prepare novel pyridine-based- 
carbon-glycosides. Glucose, galactose, mannose and sialic 
acid can be substituted for the fucose. 

Piperidine derivatives 

A 9eneral Procedure for alkylation of piperidine 
10 compounds with an C-glycoside allyl chloride reagent is 
shown in Scheme 3: 



co^t 



co 2 Et 

6 



IHO 



OH 



Cs 2 C0 3 
Nal 

DMF 




Htf OH 



Scheme 3 

The following procedure can be utilized to N-alkylate 
15 piperidine esters with C-glycosyl allyl chloride reagents 
Although this particular example is specific to the 
compounds shown in Scheme 3, a skilled artisan can 
generalize this procedure for a variety of piperidine esters 
and C-glycosides. Ethyl isonipecotate (1, i. 00 g, 6 36 
20 mmole, 1.01 mole equiv.) and a-L-C-f ucopyranosyl allyl 
chloride (2, l. 4 9g, 6.30 mmole, 1.00 mmole equiv ) were 
dissolved in DMF (12.7 mL). To the solution were added Nal 
(472 mg, 3.15 mmole, 0.5 mmole equiv.) and Cs 2 C0 3 (2.05 g, 
6.30 mmole, 1.00 mmole equiv.). The mixture was stirred 
25 overnight at room temperature under nitrogen balloon 
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protection. TLC showed the complete disappearance of 

starting materials and a single spot for product. The 
mixture was poured into water and chloroform was used to 
extract the product until TLC showed no product in the 
aqueous layer. The combined extracts were dried over 
Na 2 S0 4 , filtered and evaporated. The condensed residue was 
loaded on a silica gel column, eluting with chloroform to 
remove all of DMF solvent and then with chloroform— methanol 
(9:1). A white solid product (3) was obtained, 2.10 g, 93%. 

Hydrolysis of N-allyl-C-qly cosyl piperidine esters to sodium 
salts . 

The N-allyl-C-a-L-fucosyl-4-piperidine ester (3, 1.24 
g, 3.47 mmole, 1.00 mmole equiv. ) of Scheme 3 was dissolved 
in methanol (27 mL) and water (9 mL) . To the solution was 

15 added NaOH (1.39 g, 34.7 mmole, 10 mmole equiv.). The 
mixture was stirred at room temperature over-night (16 hrs ) . 
TLC showed the complete disappearance of the starting 
material. The acidic form Amberlite IR-120 (plus) ion 
exchange resin was used to neutralize the hydrolysis 

20 solution to pH 10 - 12. The mixture was filtered 

immediately, the resin was washed with methanol and the 
combined solutions were evaporated. The crude product was 
purified on a reversed phase octadecyl silica gel clot in a 
glass buchner funnel eluting with water, and 10% methanol in 

25 water. The product fraction was evaporated and dried 
completely. Under strong basic condition, some of the 
polymers were cleaved from the octadecyl silica gel. The 
dried mixture was redissolved in water (2 mL) and purified 
on a reversed phase octadecyl silica gel clot in a glass 

30 buchner funnel again eluting with water, 10% methanol in 
water. After evaporation of methanol, adjustment of the 
solution to pH 9 with 0.01 n NaOH solution, and 
lyophilization, a white amorphous solid was obtained, 0.95 
g, 83% yield. 
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Solid-Phase Synt hesi s of N-acvlateri h^,^ ^^^ 

all Ar ne w al Pr ° CedUre f ° r C ° U ^ - unprotected sugar 
allylchlor.de to piperidine acid on Wang's Resin is shown 



below : 



■°- H 0 CH200& -0- Fm ° c 20% <^OOC-/^ NH 

in DMF \ / 

OH 0-*>, 



CH 3 



OH 

°~"CH 3 



The Wang's resin from Sigma has been coupled with N- 
Fmoc protected isonipecotic acid with a loading level of 
0.54 mmole/g. The coupled resin (100 mg, 0.054 mmole) was 
put i„ a 12 mL polypropylene cartridge with PE frit and the 
10 cartrxdge was stoppered with a rubber septa. T o the 

cartridge was added 20% piperidine in DMF (5 mL) The 
mixture was kept at room temperature for 1 mi nut e and then 
the solution was released. To the cartridge was added 



another portion of 20% piperidine in DMF (5 mL) . The 
15 nuxture was kept for 20 minutes at room temperature The 
solution was released and the resin was washed with DMF (5 
xnL x 10) and CH 2 C1 2 (5 mL x 10) . The resin was dried under 
vacuum for 0.5 h. 

To the resin cartridge were added C-fucosyl allyl- 
20 chlor.de (63.9 mg, 0.27 mmole, 5 equivalent), Cs2 C0 3 (88 0 
mg, 0.27 mmole, 5 equivalent), Nal (40.5 mg, 0.27 mmole 5 
equivalent) and dry DMF (1 m L) . The mixture was stirred 
gently at room temperature for 15 h and then sonicated in a 
water bath for 0.5 h. The solution was released and the 
25 resin was washed with DMF ( 5 mL x 5) , water (5 mL x 5) 
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methanol (5 mL x 5) and CH 2 C1 2 (5 mL x 10). The resin was 
dried under vacuum for 0.5 h. 

To the resin cartridge was added 50% TFA in CH 2 C1 2 (5 
mL) and the mixture was kept at room temperature for 0 5 h 
5 TLC of the solution showed a single spot for the product 
The solution was released and the resin was washed with 
CH 2 C1 2 . The combined solution was evaporated and dried 
under high vacuum for 3 h. The crude product was dissolved 
xn water (1 mL) and the pH of the solution was adjusted to 
10 P H - 12 using 1 N NaOH solution. The solution was loaded 
on a reversed phase octadecyl silica gel clot in a glass 
buchner funnel. The clot was eluted with water to remove 
the salts in the system and 20% methanol in water to provide 
the product fraction. After evaporating methanol and 
15 lyophxlxzation, a white amorphous solid was obtained (20 2 
mg, ~ 100% yield) . 1 H and 13 C -NMR showed it was very pure 
product * 

The compounds of Figures 6-8 were synthesized using the 
techniques and strategies described in this specification 
20 and characterization data for each compound is provided 
below . 

GM 4225: 1 H NMR (CDC1 3 ): 5 3.50 ( s , 3H, COOCH3), 2.88 
(dd, J = 12.1 Hz, J = 2.4 Hz, H-2e and H-6e) , 2.45 (dd, 2H, 
J - 12.1 Hz, J = 9.8 Hz, H-2a and H-6a), 2.07 (d, 2H, J = 
25 7.1 Hz, H-a), 1.72 (m, 1H, H-4), 1.50 (m, 3H, N-H, H-3e and 
H-5e), 1.01 (m, 2H, H-3a and H-5a) . 13 c NMR (CDCI3, . 5 
172.74 (COOCH3), 77.43, 77.00 and 76.57 (CDCI3) , 5105 
(COOCH3), 46.17 (C-2 and C-6) , 41.27 (C-a) , 33.13 (C-4), 
32.95 (C-3 and C-5) . MS (POS ESI): m/z 158 (M+H)+. 
30 GM 4306: 1h NMR (D 2 0) : 6 3.42 (bd, J = 12 9 Hz H-2e 

and H-6e), 3.01 (dt, 2H, J = 13. 1 Hz, J = 13. 1 Hz, </- 2 9 
Hz, H-2a and 6a), 2.17 (d, 2H, j = 7.0 Hz, H -a), 1.97 ( m , 
1H, H-4), 1.93 (bd, 2H, J - 12.6 Hz, H-3e and H-5e) , 1.43 
(m, 2H, H-3a and H-5a). 13 C NMR (D 2 0) : 5 182.41 (COONa) 
35 45.07 (C-a), 45.02 (C-2 and C-6), 32.42 (C-4), 39.30 ( C -3 
and C-5). MS (POS ESI): m/z 144 (M-Na+2H) + . 
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GM 4491: 1 H NMR (CDCI3) : 5 7.35 - 7.11 <m, 5H, Ph) 
4.13 (m, 2H, H-2e and H-6e) , 3.51 (s, 3H, COOCH3) , 2.86 (m 
2H, CH 2 Ph), 2.66 <m, 2H, H-2a and H-6a) , 2.53 (m, IH, H-a), 
1.77 (m, 2H, H-3e and H-5e) , 1.56 (m, IH, H-4)), 1 45 (s 
5 9H, C(CH 3 )3), 1-26 (m, 2H, H-3a and H-5a). 13 c NMR (CDCI3 ) * 
5 174 .77 (COOCH3), 154.69 (NCOC (CH 3 ) 3 ) , 139.26, 128 65 
128.37 and 126.31 (CH 2 Ph) , 79.38 (C-2 and C-6) , 77 44 77 01 
and 76.59 ( CDCI3 ) , 53.35 (C-a) , 51.05 (COOCH3) , 43. 8 ' 2 (C-3 
and C-5), 38.62 (C-4), 35.56 (CH 2 Ph) , 29.87 (OC(CH 3 ) 3 ) 
10 28.41 (OC(CH 3 )3). MS (POS ESI): m/z 370 (M + Na)+. " 

GM 4442: 1 H NMR (CDCI3): 6 4.09 (m, 2H, H-2e and H- 
6e), 3.64 (s,3H, COOCH3 ) , 2.54 (m, 2H, H-2a and H-6a) , 2 06 
(m, 2H, H-3e and 5e) , 1.57 (m, 6H) , 1.40 (s, 9H, OC(CH 3 ) 3 ), 
1.17 (m, 7H). 13 C NMR (CDCI3): 5 175. 95 (COOCH3) , 154 61 
15 <NCOC(CH 3 ) 3), 79.23 (C-2 and C-6), 77.42, 76.99 and 76*57 
(CDCI3), 51.24 (COOCH3), 50.21 (c-a), 45.31 (C-4), 44.20 (C- 
3 and C-5), 31.50 (OC(CH 3 ) 3 >, 28.36 (OC(CH 3 ) 3 ), 26.90, 25 81 
and 23.59 (cyclohexyl ring). MS ( PO S ESI): m /z 348 
(M+Na) + . 

20 GM 4146: After Purification on a silica gel column 

eluting with CHCl 3 -MeOH (95:5 and 9:1), a white solid 
compound was obtained. 1h NMR (CDCI3): 5 5.13 ( S , IH, 
C=CH a H b ), 5.05 (s, IH, C=CH a H b ), 4.13 (m, IH, H-l'),' 4.10 
(q, 2H, J = 7.1 Hz, COOCH 2 CH 3 ), 3.95 (dd, IH, J = 8 8 Hz J 

25 = 5.5 Hz, H-2'), 3.85 (dq, IH, J = 6.6 Hz, J = 1.8 Hz/h- 
5'), 3.79 dd, IH, J= 3.2 Hz, j- 1.8 Hz, H-4'), 3.72 (dd, 
IH, J = 8.8 Hz, J = 3.2 Hz, H-3 • ) , 2.97 (dd, IH, J = 13 2 
Hz, NCH a H b C=CH 2 ) , 2 .88 - 2.79 (m, 3H, H-2e, H-6e 
NCH a H D C=CH 2 ) , 2. 42 (d, 2H, J= 6.2 Hz, CH 2 C=CH 2 ), 2 . 2 l (d ' 

30 2H, J= 7.0 Hz, H-a), 1.91 (m, 2H , H-2a and H-6a) , 1.77 (m,' 
IH, H-4), 1.68 (m, 2H, H-3e and H-5e) , 1.41 - I.19 (m , 8H/ ' 
H-3a, H-5a, COOCH 2 CH 3 , CH 3 ) . 13 c NMR (CD C1 3 ) : 5 i' 72 6 ' 9 
(C0 2 CH 2 CH3), 142.75 (C=CH 2 ), 116.40 (C=CH 2 ), 77.41, 76* 9 8 
and 76.56 (CDCI3) , 74.11, 71.68, 71.05, 68.71 and 67.59 (C- 
35 1', C-2', C-3', C-4' and C-5'), 64.55 (NCH 2 C=CH 2 ), 60 23 
(COOCHpCHs), 53.48 (C-2 and C-6), 40.87 (C-a), 32.71 ( C -4), 
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31.86 (CH 2 C=CH 2 ), 31.46 and 31.36 (C-3 and C-5) , 16.52 
(CH 3 ), 14.21 (COOCH 2 CH 3 ) . MS (POS ESI) : m/z 372 (M+H)+. 

GM 4147: After purification on a reversed phase 
octadecyl silica gel clot in a glass buchner funnel eluting 
5 with water, 10% methanol in water, and lyophilization, a 
white amorphous solid was obtained. 1h NMR (D2O) : 6 5.30 
(s, 1H, C=CH a H b ), 5.17 (s, 1H, C=CH a H b ) , 4.12 (ddd, 1H, J = 
11.4 Hz, J = 5.8 Hz, J = 3.1 Hz, H-l'), 3.97 - 3.88 (m, 2H 
in pyranosyl ring), 3.7 6 - 3.73 (m, 2H in pyranosyl ring), 
10 3.51 (dd, 1H, J = 13.4 Hz, NCH a H b C=CH 2 ) , 3.34 (d, 1H, J = 
13.4 Hz, NCH a H b C=CH 2 ) , 3.00 (m, 2H, H-2e and H-6e) , 2.70 - 
2.52 (m, 3H, H-2a, H-6a and CH a H b C=CH2 ) , 2.31 (bd, 1H, J = 

14.2 Hz, CH a H b C=CH 2 ), 2.09 (d, 2H, J = 7.1 Hz, H-a) , 1.81 
(m, 3H, H-4, H-3e and H-5e) , 1.38 (m, 2H, H-3a and H-5a) , 

15 1.10 (d, 3H, J = 6.5 Hz, CH3) . 13 c NMR (D 2 0): 6 182.53 
(C0 2 Na), 137.88 (C=CH 2 ), 122.72 (C=CH 2 ), 74.51, 72.54, 
70.80, 68.71 and 68.32 (C-l«, C-2 • , C-3', C-4' and C-5'),' 
61.95 (NCH2C=CH 2 ), 54.16 and 53.36 (C-2 and C-6) , 44.93 (C- 
a), 32.82 (C-4), 30.28 (CH2C=CH2 and C-3 or C-5), 29.98 (C-5 

20 or C-3), 16.49 (CH3) . MS (POS ESI): m/z 344 (M-Na+2H)+. 

GM 4223: After purification on a reversed phase 
octadecyl silica gel clot in a glass buchner funnel eluting 
with water and lyophilization, a white amorphous solid was 
obtained. *H NMR (D 2 0) : 6 5.44 (s, 1H, C=CH a H b ) , 5.37 (s, 

25 1H, C=CH a Hb), 4.08 (m, 1H, H-l 1 ), 3.87 - 3.55 (m, 8H, H-2 ' , 
H-3', H-4', H-5', H-6'a, H6'b, NCH 2 C=CH 2 ), 3.47 (m, 2H, H-2e 
and H-6e), 2.87 (m, 2H, H-2a and H-6a) , 2.65 (dd, 1H, J = 

15.3 Hz, J = 10.0 Hz, CH a H b C=CH 2 ), 2.38 (dd, 1H, J = 15.3 
Hz, lJ = 4.3 Hz, CH a H b C=CH 2 ), 2.14 (d, 2H, J = 7.0 Hz, H-a), 

30 1.90 (m, 3H, H-4, H-3e and H-5e) , 1.47 (m, 2H, H-3a and H- 
5a). 13 c NMR (D2O) : 5 182.34 (C02Na) , 135.83 (C=CH2) , 
124.62 (C=CH 2 ), 76.53, 75.47, 71.69, 71.48 and 68.39 (C-l', 
C-2', C-3', C-4' and C-5'), 61.90 (C-6«), 61.53 (NCH 2 C=CH 2 ), 
53.88 and 53.44 (C-2 and C-6), 44 . 64 (C-a) , 34.05 

35 (CH 2 C=CH 2 ), 32.35 (C-4), 29.75 (C-3 and C-5). MS (Neg ESI): 
m/z 358 (M-Na ) ~ . 



BNSDOCIO: <WO 9929705A3JA> 



SUBSTITUTE SHEET (RULE 26) 



WO 99/29705 

PCT/US98/25783 



44 



GM 422,: After puri£ication Qn a reversed 

octadecyl silica gel clot in a glass buchner 

with water and lyophili ™ >. • ^ exuting 

„ K( . , . WmiiMtion, a white amorphous solid was 
obtained. 1h NMR (D2O) • S 5 io /. ,„ „ 
5 1H r-ru u , .. ,, ' ' 1H ' C=c i!a"b). 5.33 (s, 

5 1H, C-CH a H b ), 4.22 (ddd, 1H, J = 11.3 Hz, J = 5 g fj z ! 1 

2- 8 Hz, H-l.), 4.00 ,dd. 0=,. a Hz , , _ 5 . g Hz> ^ / ^ 
<». 1H. H-4M, 3.S5 1H .. „_,.,, 3 . 78 (dd _ ' 2 ; 

J/; ^ ' H - 3 '>' 3 ' 68 < d - 2H. ^-5.4 Hz. h-6. and H- 6b) 

3- 64 (d, 1H, J - 13.7 HZ. H-NCH a H b C-CH 2 , , 3 54 <d 1H 7 
X0 13.7 HZ. N CH a H b CC„ 2 ), 3.42 < ra , Ih, H-2e Ind „ 6e ' 2 7 ' 8 1" 

2H. H-2a and H-6.,, 2.59 (dd, 1„, Hz , ^ ^ £' 

CHaH b C=CH 2) , 2.40 ,dd, 1„, J , „ . ll ^ 3 £' 

HaH b C=C„ 2) 2.X4 ,d. 2H, 7 . 0 Hz, H-a, , ! . 92 (m , ^ ^ 

15 D 2 0 : a 182.52 «C0 2N a,. 137.14 ,c.CH 2) , 1 23 . 6 3 (CCH^ 
74.56. 73.33. 70.61, 69.84 and 69.04 ,C-1 ' , c-2 ■ , c-3' c- ' 

m'';, 51 - 85 (C " 6 ' , ' 54 -° 9 ".44 (C -2 and 

Tntcl 'T' 32 ' 59 ,C - 41 ' 3 °- 36 <£»*-«2). 30.0! (c-3 

and c-5). MS (POS ESI): n/z 360 ( M - Na +2H)+ 

20 GM 4420: « t . t purification on a reversed phase 

oct d , gel elot ^ a giass P 

with water and lyophilization, a white a m orphous solid wal 

h cTh h r: ,D20,: 5 5 - 52 ,s - ih - c =™- *•« < 

IH, C-CHaHb), 4.21 (ddd, IB, J = n. 5 Hz, J = 6.0 Hz a 1 
3.2 Hz, H— 1'), 3.86 — 3.56 (m , .10H, 6H in pyranosyl ring" 
NCH 2 C-CH 2 , H- 2 e and H-6e) 2 90 1™ ,u „ , PyranOS >' 1 rin 9> 

(dd, ih, a . 15 4 hz ; and H " 6a) ' 2 - 64 

,„ , ' „ ' J - "- 5 Hz ' CH a H b C-CH 2 ), 2 .44 ( dd , 

IH J - 15.4 Hz, J . 3.2 Hz, CH.HbC.CH2), 2 .38 (d, 2H, J . 
6.7 Hz, H-a), 2.05 (m, 3H, H-4, H-3e and H-5e) , 1.54 (m 2H 

:™ nd i"; 8 ;',- , c 13c NMR <D20): 5 177 - 68 

(S-CH2), 125.37 (C-CH 2 ), 74.93, 74.03, 71.84 and 71.15 (c- 
. C-2', C-3', c-4' and c-5'), 61.94 (c-6'1 6 1 84 
(NCH 2C .CH 2 ), 54. 27 and 53.42 ,c-2 and c-6, , 40.59 ,c-a 
31.13 (C-4), 30.34 ,CH 2 CCH2), 29.61 (C-3 and c-3,. „ (p^ 

35 ESI): m/z 360 (M+H)+. ( POS 
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GM 4 307: After purification on a reversed phase 
octadecyl silica gel clot in a glass buchner funnel eluting 
with water, 20% methanol in water, 50% methanol in water and 
lyophilization, a white sticky compound was obtained 1 H 
5 NMR (CD3OD): 5 4.18 (d, 1H, J = 7.6 Hz, H-l ' ) , 3 97 (m 
lH,OCH a H b CH 2 N), 3.69 - 3.57 (m, 3H, 2H from pyranosyl. ring 
and 0CH a H b CH 2 N), 3.65 (s, 3H, C0 2 CH 3 ) , 3.61 - 3.45 (m 2H in 
pyranosyl ring,, 3.00 (m, 2H, H-2e and H-6e) , 2.66 (ddd, 1H, 
J - 13.2 Hz, J= 1.4 Hz, JT= 4.6 Hz, OCH 2 CH a H b N) , 2.54 (ddd,' 

10 1H, J= 13.2 Hz, J- 4.5 Hz, J= 5.6 Hz, OCH 2 CH a H b N ), 2 . 26 
(d, 1H, J= 6.8 Hz, H-a), 2.08 (dd, 1H, J= 12 . 2 Hz, J = 9.9 
Hz, H-2a or H-6a) , 2.00 (dd, 1H, J = 12.2 Hz, J = 10 0 Hz 
H-6a or H-2a) , 1.81 - 1.70 (m, 3H, H-4, H-3e and H-5e) , 1.32 
(m, 2H, H-3a and H-5a) , 1.25 (d, 3H, J= 6.5 Hz, CH 3 ) . 13 c 

15 NMR (CD3OD) : 5 174 . 67 (C0 2 CH 3 ) , 105.04 (C-l'), 74.86, 72 . 92 
72.25 and 71.96 (C-2 • , C-3 • , C-4 • and C-5 • , ,' 66 11 
(OCH 2 CH 2 N), 59.06 (OCH 2 CH 2 N) , 55.01 and 54.25 (C-2 and C-6) 
51.97 (COOCH3), 41.49 (C-a) , 33.91 (C-4), 32.32 and 32.23 
(C-3 and C-5), 16.78 (CH 3 ) . MS (POS ESI): m/z 370 (M+Na)+ 

20 348 (M+H)+. 

GM 4308: After purification on a reversed phase 
octadecyl silica gel clot in a glass buchner funnel eluting 
with water, 10% methanol in water and lyophilization, a 
white amorphous solid was obtained. 1 H NMR (D 2 0) : 5 4 36 

25 (d, 1H, j- l.l Hz, H-l'), 4.10 (m, 1H) , 3.89 (m, 1H) , 3.73 
On, 2H), 3.60 (m, 1H) , 3.42 (m, 3H) , 3.19 (m, 2H) , 2 . 82 (t 
2H, J = 12.0 Hz), 2.12 (d, 1H, J = 6.5 Hz, H-a), 1.87 (m ' 
3H, H-4, H-3e and H-5e) , 1.43 (m, 2H, H-3a and H-5a) , 1.21 
(d, 3H, J = 6.2 Hz, CH 3 ) . 13 C NMR (D 2 0) : 6 182.45 (C0 2 Na) 

30 103.62 (C-1-), 73.75, 72.25, 71.97 and 71.47 (C -2', C-3', C- 
4' and C-5'), 64.62 (OCH 2 CH 2 N) , 57.16 (OCH 2 CH 2 N) , 53.84 'and 
53.65 (C-2 and C-6), 44.81 (C-a), 32.49 (C-4), 29.97 (C-3 
and C-5), 16.42 (CH 3 ) . MS (POS ESI): m/z 356 (M+H) +, 334 
(M-Na+2H) + . 

35 GM 4493: After purification on a silica ge l column 

eluting with CHCl 3 - M eOH (95:5 and 9:1), a white solid 
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compound was obtained. 1 H NMR (CD3OD) : 6 7 23 - 7 n (m 
5H, Ph), 5.00 (s, 2H, C=CH 2 >, 4.13 (ddd, 1H, J = n 0 Hz J 
= 5.4 Hz, 3.8 Hz,H-l'), 3.92 - 3.86 (m, 2H in pyranosyl 

ring), 3.71 - 3.66 (m, 2H in pyranosyl ring), 3.48 (s, 3H, 
5 CH 3 ), 3.01 (dd, 1H, J - 13.3 Hz, NCH a H b C=CH 2 ) , 2.99 - 2 86 
(nw 4H, H-2e, H-6e, NCH a H b C=CH 2 and PhCH a CH b ) , 2.76 (dd, 1H 
J - 13.3 Hz, j- 10.9 Hz, PhCH a CH b ), 2.53 (m, 1 H , H-a) , 2 50 
(dd, 1H.J = 14.9 Hz, J - n.o H2/ CH a H b -C=CH2 ) , 2.36 (dd 
1H, J = 14.9 Hz, J = 3.8 Hz, CH a H b -C=CH2 ) , 1.91 - 1.80 (m 
10 3H , H-4, H-2a, H-6a) , 1.60 - 1.53 ( m , 2H, H-3e, H-5e) , 1 47 
-1.35 (m, 2H, H-3a, H-5a) , i. 18 (d , 3H/ J= 6 4 
13 C NMR (CD30D) : 5 176.79 (C0 2 CH 3 ) , 145.17 (C=CH 2 ), 140 87 
(Ph), 129.79 (Ph), 129.37 (Ph) , 127.32 (Ph) , H5.55 (C=CH 2 ) 
74.99, 72.49, 72.21, 69.94 and 69.06 (C-1-, C-2 • C-3' " C 4' 
15 and C-5-), 65.22 (NCH 2 C=CH 2 ), 55.02 (C-a) , 54.86 and ' 54 76 
(C-2 and C-6), 51.68 (CH 3 ), 49.86, 49.57, 49.29, 49 01 
48.73, 48.43 and 48.15 (CD3OD) , 39 . 91 (C-4), 36.85 (PhCH 2 )' 
31.00 (CH 2 C=CH 2 ), 30.77 (C-3 andC-5), 16.52 (CH 3 ) . MS~(POS 
ESI) : m/z 44 8 (M+H) + . 

20 GM 4494: After purification on a reversed phase 

octadecyl silica gel clot in a glass buchner funnel eluting 
with water, 10% methanol in water and 20% methanol in water 
and lyophilization, a white amorphous solid was obtained' 
lH NMR (D 2 0): 5 7.37 - 7.22 (m, 5H, Ph) , 5. 17 (s, 2H ,' 
25 C=CH 2 ), 4. 20 (ddd, 1H, j = 9.0 Hz, J - 5.8 H 2 , J=28 H z 
H-l'), 4.04 - 3.95 (m, 2 H in pyranosyl ring), 3.82 - 3 79 
(m, 2H in pyranosyl ring), 3.21 (dd, 1H, J = 13.6 Hz and j = 
3.4 Hz), 3.10 - 2.93 (m, 4H) , 2.65 (dd, 1H, J = 13.6 Hz, J = 
11.1 Hz), 2.57 (d, 1H, j - 12.5 Hz), 2 . 35 - 2.31 (m, 2H) , 
30 2.29 - 2.06 (m, 2H) , 1.99 (d, 1H, j- 12.6 Hz), 1.69 (d,lH 
J - 13.6 Hz), 1.55 (m, 1H) , 1.40 (m, 2H) , 1.17 (d, 3H, J = 
6.4 Hz, CH 3 ). 13 C NMR (D 2 0): 5 184. 22 (C0 2 Na) , l 42 0 2 
(C-CH 2 >, 141.41 (Ph), 129.90 ( Ph ) , 129.48 (Ph), 127.05 (Ph) 
118.81 (C=CH 2 ), 74.86, 72.73, 70 .86, 68.88 and 68.17 (C-l'' 
35 C-2', C-3', C-4' and C-5 ' ) , 63.20 (NCH 2 C=CH 2 ) , 58. 1 2 (c . a) ' 
54.80 and 53.88 ( C - 2 an d C-6), 38.70 (C-4), 36.99 (PhCH 2 )' 
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30.28 <CH 2 C=CH 2 ), 29.85 and 29.60 (C-3 and C-5) , 16 53 
(CH3). MS (POS ESI): m/z 434 (M-Na+2H)+. 

GM 44 95: After purification on a silica gel column 
eluting with CHCl 3 -MeOH (95:5 and 9:1), a white solid 
compound was obtained. J-H NMR (CD 3 OD) : 5 7.25 - 7.11 (m 
5H, Ph), 5.03 (s, 2H, C=CH 2 ) , 4.10 (ddd, 1H, J= 11. 4 Hz J 
= 6.7 Hz, 2.3 Hz, H-l')., 3.94 - 3.62 <m, 5H, H-2', H-3 ' 

H-4', H-6'a and H-6'b), 3.54 (m, 1H, H-5 • ) , 3.52 (s 3H ' 
COOC3), 3.04 - 2.90 (m, 5H) , 2.77 (dd, 1H, J= 13.3 Hz', jl 
10.9 Hz, PhCH 2 ), 2.58 - 2.49 (m, 2H) , 2.34 (dd, 1H, J = 14 6 
Hz and J= 5.7 Hz), 1.92 - 1.83 (m,3H>, 1.60 - 1.56 ( m , 2H ) 
1.47 - 1.38 <m, 2H). 13 c NMR (D 2 0) : 5 176.76 (C0 2 CH 3 )' 
144.23 <C=CH 2 ), 140.88 (Ph), 129.81 (Ph) , 129.38 (Ph) ' 
127.33 (Ph), 116.28 (C=CH 2 ), 77.44, 75.99, 72.67, 72.62 and 
15 69.22 (C-l', C-2', C-3', C-4' and C-5'), 64 . 96 (NCH 2 C=CH 2 >, 
62.94 (C-6-), 55.00 (C-a) , 54.86 and 54.77 (C-2 and C-6) 
51.69 (C0 2 CH3), 49.87, 49.59, 49.30, 49.02, 48.74, 48.45 and 
48.17 (CD3OD) , 39.86 (C-4), 36.85 (PhCH 2 ), 34.71 (CH 2 C=CH 2 ), 
30.97 and 30.74 (C-3 and C-5). MS (POS ESI): m/z 464 
20 (M+H)+. 

GM 4496: After purification on a reversed phase 
octadecyl silica gel clot in a glass buchner funnel eluting 
with water, 10% methanol in water and 20% methanol in water, 
and lyophilization, a white amorphous solid was obtained' 

25 1 H NMR (D 2 0): 5 7.37 - 7.22 (m, 5H, Ph) , 5.21 (s, 1H," 
C-CHaHb), 5.20 (s, 1H, C=CH a Hb) , 4.15 (ddd, 1H, J= 9.8 Hz, 
J= 3.7 Hz, J= 0.1 Hz, H-l'), 3.93 - 3.59 (m, 6H, H-2', H- 
3', H-4', H-5', H-6'a, H-6'b), 3.25 (d, 1H, J = 13 7 Hz 
NCH a H b C=CH 2) , 3.14 - 3.09 (m, 3H, H-2e, H-6e, NCH a H b OCH 2 ) ,' 

30 2.96 (dd, 1H, J - 13.4 Hz, J= 4.1 Hz, PhCH a Hb) , 2.65 (dd, 
1H, J = 13.4 Hz, J = 11.4 Hz, PhCH a Hb), 2.57 (d, 1H, J = 9 9 
Hz), 2.39 - 2.15 (m, 4H) , 2.01 (d, 1H, J = 13.2 Hz), 1 71 
(d,lH, J = 12.6 Hz), 1.58 (m, l H ) , 1.42 (m, 2H) . 13 c NMR 
(D 2 0): 5 184.15 (C0 2 Na) , 141.98 (C=CH 2 ), 140.21 (Ph) , l 29 89 
35 (Ph), 1 29 .48 (Ph), 127.06 (Ph) , n 9 . 5l (c= ch 2 ), 77 15 
75.01, 72.00, 71.59 and 68.32 (C -1', C-2', C -3 ' , C-4' and C- 
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^ 1 63 ; C 03 'T C " 21 ' 62 -" <C " 6,) - 58 -° 5 (C " a '' 5 — and 

^M2C-OH2), 30.07 and 29 44 /r-^t =^ ^ c v 

»/z448 (H-Na,-. ' " d C " 5 '- " S ,Ne 9 ESI » = 

5 GM 4 507: After purification on a siiica gel of column 

eluting with CHCl 3 - M eOH ,95:5 and 9 :1), . 

compound was obtained. 1 H NMR (CD3OD) : 5 4 99 ,s 2H 

OCH2). 4.11 ,ddd. 1H, J , 10 . 8 Hz. .7-54 Hz J l 9 

10 T^'- 3 ' 91 " 2H ^ 3 '.70 - 3 a 

<m 2H in p yran o sy l ring) , 3.67 ,., 3H> c „ 3) , 2 .„ 

<d\ H , ^' 3 N ff bC - C ^»' <-« 2H. H-2a. „- 6a) , 2 . 8 

T o " ' NCH ^bC=C H2) , 2.49 ,dd, 1H,J - 14.9 Hz 

^ - 10.9 HZ, CH a H b -C=CH 2 ), 2.34 <dd, 1H, J - 14 9 Hz J 

H 3a. H-5a), 1.61 , m , 5H ) . 1.33 - 1.13 lm , 11H) . 13c NMR 
(CD30D,: 5 1,7.73 ( C0 2 CH 3 , , 145.00 ( C=CH 2 ), 115.79 (C-ch"" 
74.91, 72.42, 72.24, 69.96 and 69.13 <C-1 • , C -2 ■ , c-3 • c-*'< 
and C-5M, 65.22 (NCH 2 C-CH 2 ), 55.81 and 55.44 (c-2 and'c-6, 

20 L 1 -:: 51 - 49 (C - a> ' 49 -"' --30, 49 02 4 .7 ,' 

20 8.45 and 48.17 (CD 3 OD, , 46.60 <c-4,, 32.79 ,C-3 and c-5) 

30.91 (CH 2 C-CH2), 27.87, 26.98 24 !6 ,r , '' 

r ^.u.cjo, (C m cyclohexanvl 

ring), 16.52 (CH 3 ) . MS (POS ESI): m/z 42 6 ,M + H) + 

elutina ^' PUrifi =ation on a silica gel column 

elutrng with CHCl 3 -MeOH ,9:1 and 5:1), a white solid product 
IT^' N " R <CD 3°^= » 5.0! (s , 2H , c=CH 2 ), 4^08 

3.61 ,m, 5H, H-2-, H-3., H-4 • , H -6'a and H-6'b), 3 67 ,s 

H Y\ » H ' 5 ' K 3 " 00 " 2 - 88 -H2clc ,' 

H-2a, H-6a), 2.52 (dd, 1H.J - 14.6 Hz, J - 9.1 Hz~CH Hk 

30 C--CH2, 2 33 ,dd, 1H, ^14.6 Hz. 5 . 7 Hz , 

5H ' H ; 2 "; H - 6b '' K81 «»' 2H ' «-5a)7l.61 1 

5H), 1.33 - 1.17 (m , SH) . 13 C NMR (CD 3 OD) : 6 177 77 

72.69, 72 .63 and 69.22 <c-l', C -2 • , c-3- C-4 ' and c 
35 65.00 ,NCH 2 C=CH 2 ,. 62. 97 ,C- 6 .,, 55.75 and 55.46 ,C-2 and C - 
6). 51.84 (CH3), 51.51 (C-a). 49.88, 49.59, 49.30, 49.02, 
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48.74, 48.45 and 48.17 (CD3OD) , 46.63 (C-4), 34 68 
(CH 2 C=CH 2 ), 32.78 (C-3 and C-5), 27.87, 26.98, 24.86 (C in 
cyclohexanyl ring). MS (POS ESI): m/e 442 (M+H)+. 

GM 3379: After purification on a silica gel column 
5 eluting with CHCl 3 -MeOH (95:5 and 9:1), a white solid 
compound was obtained. 1h NMR (DMSO) : 6 4.91 ( S/ 1H , 
C=CH a H b ) , 4.88 (s, 1H, C=CH a H b ) , 4.74 (d, 1H, J = 4.8 Hz,' 
OH), 4.51 (d, 1H, J = 4.9 Hz, OH), 4.30 (d, 1H, J= 5.1 Hz,' 
OH), 4.05 (q, 2H, J= 7.1 Hz, C0 2 CH 2 CH 3 ), 3.91 (ddd, 1H, J I 
10 11.0 Hz, J = 4.9 Hz, J = 3.0 Hz, H-l'), 3.73 (dq, 1H, J = 
6.4 Hz, J= 2.0 Hz, H-5'), 3.64 (m, 1H, H-2'), 3.49 (m, 2H, 
H-3' and H-4'), 2.88 (d, 1H, J= 13.2 Hz, NCH a H b C=CH 2 ) , 2.78 
(d, 2H, J = 13.2 Hz, NCH a H b C=CH 2 ) , 2.70 (m, 2H, H-2e and 
6e), 2.36 (dd, 1H, J« 14.7 Hz, J= H. 0 Hz, CH a H b C=CH 2 ), 
15 2.28 (m, 1H, H-4), 2.21 (dd, 1H, J = 14.7 Hz, J = 3 . 0 Hz, 
CH a H b C=CH 2 ), 1.87 (m , 2H, H-2a and H-6a) , 1.77 (m, 2H, H-3e 
and H-5e), 1.56 (m, 2H, H-3a and H-5a) , 1.17 (t, 3H, J = 7.1 
Hz, C0 2 CH 2 CH 3 ), 1.05 (d, 3H, J= 6.4 Hz, CH 3 ) . 13 C NMR 
(CDCI3): 6 175.07 (C0 2 CH 2 CH 3 ), 143.01 (C=CH 2 ), 115.91 
20 (C=CH 2 ), 77.41, 76.98 and 76.56 (CDC1 3 ) , 74.27, 71.51, 
71.38, 68.66 and 67.36 (C-l', C-2 • , C-3', C-4' and C-5'),' 
64.29 (COOCH 2 CH 3 ), 60.37 (NCH 2 C=CH 2 ) , 52.83 and 52.77 (C-2 
and C-6), 40.81 (C-4), 30.59 (CH 2 C=CH 2 ), 27.80 and 27.75 (C- 
3 and C-5), 16.28 (CH 3 ) , 14.15 (COOCH 2 CH 3 ) . MS (FAB): m/z 
25 358 (M+H) + . 

GM 34 03: After purification on a reversed phase 
octadecyl silica gel clot in a glass buchner funnel eluting 
with water, 10% methanol in water, and lyophilization, a 
white amorphous solid was obtained. 3-H NMR (D 2 0) : 6 5.38 

30 (s, 1H, C=CH a H b ), 5.34 (s, 1H, C=CH a H b ) , 4.18 (ddd, 1H, J = 
11.7 Hz, J = 6.0 Hz, J = 3.2 Hz, H-l'), 4.02 - 3.95 (m, 2H 
in pyranosyl ring), 3.82 - 3.77 (m, 2H in pyranosyl ring), 
3.51 (dd, 1H, J = 13.6 Hz, NCH aHb C=CH 2 ) , 3.43 (d, 1H, J = 
13.6 Hz, NCH a H b C=CH 2 ) , 3 . 36 (m, 2H , H-2e and H-6e) , 2.74 (m, 

35 2H, H-2a and H-6a) , 2 . 63 (dd , i H , j = 15.3 Hz, J '= 11.7 H z,' 
CH„HhC=CH?) , 2.37 ( m , 2H , H-4 and CH a H b C=CH 2 ) , 2 . 0 3 (m, 2H,' 
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H-3e and H-5e) , 1.80 (m, 2H , H-3a and H-5a) , lml5 (d, 3H, a 
- 6.4 Hz, CH 3 ). 13 C NMR (D 2 0) : 6 183.25 (C0 2 Na) , 136.46 
(C=CH 2 >, 124.38 (C=CH 2 ), 74.46, 72.54, 70.80, 68.68 and 
68.41 (CI-, c-2., C-3', C-4. and C-5',, 61.58 (NCH 2 C=CH 2 ), 
5 53.57 and 52.91 (C-2 and C-6) , 42.53 ( C -4^ , 30 04 
(£H 2 C=CH2), 27.33 (C-3 and C-5) , 16.47 (CH 3 ) . MS (Neg FAB) • 
m/z 328 (M-Na)~. ; 

GM 3456: After purification on a silica gel column 
elutxng with CHCl 3 -MeOH (9:1 and 5:1), a white solid 
10 compound was obtained. 1 H NMR (CD3OD) : 5 5 04 ( s 1H 
C=CH aHb ), 5.02 (s, 1H, C=CH a H b) , 4.14 (ddd, 1H, J - 10 2 Hz' 
J - 5.0 Hz, J = 4.4 Hz, H-l'), 4.11 ( q , 2H , j - 7 1 Hz' 
C0 2 CH 2 CH 3) , 3.96 (m, 1H, H-5 • , , 3.88 (dd, 1H, ,7=8 4 " Hz J 
- 5.0 Hz, h-2.,, 3.80 - 3.65 (m, 4H, H-3 • , H-4 • , H-6'a a'nd 
15 H-6'b), 3.03 (d, 1H, J= 12.9 Hz, NCH a H b C=CH 2 ) , 2 . 94 (d, 2H 
J = 12.9 Hz, NCH a H b C=CH 2 ), 2 .88 (m, 2H, H-2e and 6e) , 2 50 
(dd, 1H, J = 14.8 Hz, j = 10.2 Hz, CH a H b C=CH 2 ), 2.38 (dd, 
1H, J= 14.8 Hz, J= 4.4 Hz, CH a H b C=CH 2 ), 2.30 (m, 1H, H-4) 
2.00 (m, 2H, H-2a and H-6a) , 1.92 (m, 2H, H-3e and H-5e) 
20 1.72 (m, 2H, H-3a and H-5a) , 1.23 (t, 3H, ^ - 7 1 Hz' 
CQ2CH2CH3). 13 C NMR (CD3OD) : 5 176.78 (C0 2 CH 2 CH 3 ), 144 76 
(C=CH 2 ), 116.00 (C-CH2), 74.61, 74.33, 71.91, 70.27 and 
69 78 (C-l., C-2-, C-3', C-4- and c-5 • ) . 65.30 (COOCH2CH 3) , 
61.70 (C-6-), 61.50 (NCH 2 C=CH 2 ), 54.18 and 53.96 (C-2 and C- 
25 6), 49.86, 49.58, 49.29, 49.01, 48.73, 48.44 and 48 16 
(CD3OD) , 42.23 (C-4), 31.25 (CH 2 C=CH 2 ), 29.16 (C-3 and C-5) 
14.52 (COOCH2CH3). MS (FAB): m/z 374 (M+H)+. 

GM 3457: After purification on a reversed phase 
octadecyl silica gel clot in a glass buchner funnel elating 
with water and lyophilization, a white amorphous solid was 
obtained. 1 H NMR (D 2 0) : 5 5.50 (s, l H , C=CH a H b ) , 5 41(s 
1H, C=CH a H b ), 4.24 (m, l H , H-l'), 4.04 - 3.98 (m , 2H in 
pyranosyl ring), 3.88 - 3 . 67 (m, 6H, 4H in pyranosyl ring 
NCH 2 C=CH 2 ), 3.53 (m, 2H, H-2e and H-6e) , 2.99 (m, 2H H -2a 
35 and H-6a) , 2.62 (dd, 1 H , j = 15.4 Hz, J = 115 Hz 
CH,H b C=CH ? ), 2.45 (m, 2H , H -4 and CH a H b C=CH 2 ) , 2.10 ( m 2H 
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H-3e and H-5e) , 1.87 (m, 2H, H-3a and H-5a). 13 c NMR (D 2 0): 
5 183.30 (C0 2 Na), 136.59 (C=CH 2 ), 124.27 (C=CH 2 ), 74.59, 
73.38, 70.61, 69.85 and 69.04 (C-l ■ , C-2 * , C-3 • , C-4 • and C- 
5'), 61.87 (C-6'), 61.79 (NCH 2 C=CH 2 ) , 53.58 and 53.03 (C-2 
5 and C-6), 42.57 (C-4), 30.36 <CH 2 C=CH 2 ), 2 7.34 (C-3 and C- 
5). MS (Neg FAB): m/z 344 (M-Na)~. 

GM 4443: After purification on a silica gel column 
eluting with CHCl 3 -MeOH (9:1 and 5:1), a white solid 
compound was obtained. 3-H NMR (CD3OD) : 5 5.01 (s, 2H 
10 C=CH 2 ), 4.11 (m, iH, H-l ' ) , 4.11 (q, 2H , J = 7 . 1 Hz,' 
C0 2 CH 2 CH3), 3.78 - 3.62 (m, 5H in pyranosyl ring), 3.50 (m, 
1H, H-5'), 3.00 (d, 1H, j= 13.2 Hz, NCH a H b C=CH 2 ) , 2.93 (d,' 
2H, J = 13.2 Hz, NCH a H b C=CH 2 ) , 2.84 (m, 2H, H-2e and 6e), 
2.55 (dd, 1H, J = 14.6 Hz, J = 9.1 Hz, CH a H b C=CH 2 ), 2.33 
15 (dd, 1H, J — 14.6 Hz, J = 5.6 Hz, CH a H b C=CH 2 ), 2 .30 (m, 1H, 
H-4), 1.98 (m, 2H, H-2a and H-6a) , 1.86 (m, 2H, H-3e and H- 
5e), 1.72 (m, 2H, H-3a and H-5a) , 1.23 (t, 3H, <J = 7.1 Hz, 
C0 2 CH 2 CH 3 ) . 1 3 C NMR (CD3OD) : 5 176.85 (C0 2 CH 2 CH 3 ), 144.45 
(C=CH 2 ), 116.02 (C=CH 2 ), 77.60, 75.84, 72.69, 72.65 and 
20 69.16 (C-1-, C-2', C-3', C-4' and C-5 ' ) , 64.96 (COOCH 2 CH 3 ) , 
63.02 (C-6 1 ), 61.51 (NCH 2 C=CH 2 ), 54.15 and 53.96 (C-2 and C- 
6), 49.90, 49.61, 49.33, 49.05, 48.76, 48.48 and 48.20 
(CD3OD) , 42.32 (C-4), 34 .55 (CH 2 C=CH 2 ) , 29.30 (C-3 and C-5), 
14.58 (COOCH 2 CH 3 ) . MS (POS ESI): m/z 31 A (M+H)+. 
25 GM 4444 : After purification on a reversed phase 

octadecyl silica gel clot in a glass buchner funnel eluting 
with water and lyophilization, a white amorphous solid was 
obtained. *H NMR (D 2 0) : 5 5.48 (s, 1H, C=CH a H b ) , 5.41 (s, 
1H, C=CH a H b ), 4.09 (m, 1H, H-l'), 4.89 - 3.56 (m, 8H, 6H in 
30 pyranosyl ring and NCH 2 C=CH 2 ), 3.52 (m, 2H, H-2e and H-6e) , 
2.98 (m, 2H, H-2a and H-6a) , 2.67 (dd, 1H, J = 15.4 Hz, ,7 = 
10.4 Hz, CH a H b C=CH2), 2.41 (m, 2H, H-4 and CH a H b C=CH2 ) , 2.09 
(m, 2H, H-3e and H-5e), 1.85 (m, 2H, H-3a and H-5a) . 13 c 
NMR (D 2 0) : 5 183.00 (C0 2 Na), 135.35 (C=CH 2 ), 125.23 (C=CH 2 ), 
35 76.50, 75.53, 71.69, 71.49 and 68.41 (C-l', C-2', C-3', C-4 1 
and C-5'), 61.91 (C-6'), 61.48 (NCH 2 C=CH 2 ), 53.41 and 53.01 
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(C-2 and C-6), 42.33 (c-4), 34.04 (CH 2 C=CH 2 ), 27.13 and 
27.09 (C-3 and C-5) . MS (Neg ESI): m/ z 344 (M-Na ) ~ 

GM 3404: After purification on a reversed phase 
octadecyl silica gel clot in a glass buchner funnel eluting 
5 with water, 10% methanol in water and lyophilization, a 
white amorphous solid was obtained. 1 H NMR (CD3OD) • 5 5 42 
(s, 1H, C=CH a H b ), 5.36(8, 1H, C=CH a H b ) , 5.02 (m, 1H, H-2 • or 
H-3' or H-4'), 5.00 - 4.81 (m, 2H, H-2' or H-3' or H-4') 
4.38 (m, 1H, H-l'), 4.27 (m, 1H, H-5'), 4.15 (q, 2H/ J = 7 1 
10 Hz, COOCH2CH3), 3.63 (b, 2H, NCH 2 C=CH 2 ), 3.38 (b, 2H, H-2e 
and H-6e), 2.90 (b, 2H, H-2a and H-6a) , 2.89 - 2 .54 (m 3H 
H-4 and CH 2 C=CH 2 ), 2.12 < m , 2H, H-3e and H-5e), 1.96 (m', 2H,' 
H-3a and H-5a) , 1.37 (d, 3H, J - 6.8 Hz, CH 3 >, 1.25 (t, 3H, 
J= 7.1 Hz, COOCH 2 CH 3 ). NMR (CD3OD) : 5 175.11 (C0 2 Et) 

15 138.59 (C=CH 2 ), 122.50 (OCH 2 >, 75.48, 74.96, 73.64," 70 60 
and 68.68 (C-l • , c-2' , c-3', C-4' and C-5'), 63 55 
(NCH 2 C=CH 2 ), 61.98 (COOCH 2 CH 3 ), 53.14 and 52.93 (C-2 and C- 
6), 39.76 (C-4), 33.95 (CH 2 C=CH 2 ), 26 .85 (C-3 and C-5) 
14.66 (CH 3 >, 14.45 (COOCH 2 CH 3 ). MS (POS FAB): m/z 664 
20 (M+H) + . 

GM 3427: After purification on a reversed phase 
octadecyl silica gel clot in a glass buchner funnel eluting 
wxth water and lyophilization, a white amorphous solid was 
obtained. 1 H NMR (D 2 0): 5 5.54 (s, 1H, C=CH a H b ) , 5.48 (s, 
25 1H, C=CH a H b) , 4.97 (dd, 1H, J= 6.0 Hz, 3.4 Hz, H-2' or 

H-3' or H-4'), 4.84 (m, 2H, H-2- or H-3' or H-4'), 4.48 (m 
1H, H-l'), 4.34 (m, 1H, H-5',, 3.80 (d, 1H, J= 13. 6 Hz, 
NCH aHb C=CH 2 ), 3.73 (d, 1 H , J= 13.6 Hz, NCH a H b C=CH 2 ) , 3.66 
<m, 2H , H-2e and H-6e) , 2.99 ( m , 2H , H -2a and H-6a) , 2 54 
30 (m, 3H, H-4 and CH 2 C=CH 2 ), 2.19 ( m , 2H , H -3e and H-5e) , 1.85 
(m, 2H, H-3a and H-5a) , 1.38 (d, 3H, J= 6.8 Hz, CH 3 ) . 13 c 
NMR (D 2 0): 6 182.08 (C0 2Na) , 134.43 (C=CH 2 ), 124.58 (C=CH 2 ), 
74.64, 74.05, 73.21, 69.87 and 67.27 (C-l', C-2', C-3' C-4 • 
and C-5'), 62.03 (NCH 2 C=CH 2 ), 53.32 and 52.72 (C-2 and'c-6) 
35 41.83 (C-4), 33.18 (CH 2 C=CH 2 ), 26.89 (C-3 and C-5), 13.92 
(CH3) . MS (Neg FAB): m/ z 634 (M-Na)~. 
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GM 3405: After purification on a silica gel column 
elating with CHCl 3 -MeOH (95:5 and 9:1), a white solid 
compound was obtained which was a 1:1 mixture of two 
diastereoisomers. 1 H NMR (DMSO) : 6 5.02 (s, 1H, C=CH a H b ) 
5 4.98 (s, 1H, C=CH a H b ), 4.82 (bm, 1H, OH) , 4.63 (bm, ^OH) ' 
4-41 (bm, 1H, OH), 4.18 (bm, 2H, C0 2 CH 2 CH 3 ), 4.04 ( m , 1H , H- 
1'), 3,81 - 3.74 (m, 2H in. pyranosy ring), 3.63 <m, 2H in 
pyranosyl ring), 3.45 - 3.17 (m, 2H, NCH 2 C=CH 2 ), 3.05 - 2 85 
<m, 2H, H-2 and H-6e), 2.47 - 2.17 (m, 3H, H-6a and 
10 CH 2 C=CH 2 ), 1.81 (bm, 2H in piperidine ring), 1.55 (m, 4H in 
pxperidine ring), 1.29 (bm, 3H, C0 2 CH 2 CH 3 ) , 1.16 (bm, 3H 
CH 3 ). 13 C NMR (DMSO): 5 17 2 .78 and 172.72 (C0 2 CH 2 CH 3 )' 
144.80 and 144.64 (C-CH 2 ), 113.38 and 113.11 (C=CH 2 ) 
72.32, 71.83, 70.70, 70.24, 69.95, 68.42, 68.29, 67.62 and 
15 67.36 (C-1-, c-2', C-3 ' , C-4 ' and C-5 • ) , 63.36 and 62.36 (C- 
2), 61.24 and 60.85 (COOCH 2 CH 3 ), 59.70 and 59 56 
(NCH 2 C=CH 2) , 49.14 and 48.21 ( C -6) , 29.52 and 29 47 
(CH 2 C=CH 2 ), 28.85 and 28.58 (C-3), 25.02 (C-5), 21.79 and 
21.29 (C-4), 16.13 and 15.98 (CH 3 ), 14.20 and 14.14 
20 (C00CH 2 CH 3 ). MS (POS FAB): m/z 358 (M+H)+. 

GM 3424: After purification on a reversed phase 
octadecyl silica gel clot in a glass buchner funnel eluting 
with water and lyophilization, a white amorphous solid was 
obtained which was a mixture of two diastereoisomers. 1 H 
25 NMR (D 2 0): 6 5.49 (s, 1H, C=CH a H b ) , 5.44 (s, 1H, C=CH a H b ) , 
4-18 (m, 1H, H-1-), 3.99 - 3.95 (m, 2H in pyranosyl ring), 
3.82 - 3.78 (m, 3H, 2H in pyranosyl ring and H- 2 ) , 3.63 - 
3.49 (m, 3H, NCH 2 C=CH 2 , and H-6e) , 2.90 (m, 1H, H-6a), 2 62 
(m, 1H, CH a H b C=CH 2 ), 2.45 (m, 1H, CH a H b C=CH 2 ), 2.15 (m, 1H 
30 in piperidine ring,, 1.88 - 1.50 (m, 5H in piperidine ring), 
1.11 (m, 3H, CH 3 ). 13 C NMR (D 2 0): 5 174.89 and 174.66 
(C0 2 Na), 136.25 and 135.63 (C=CH 2 ), l 25 .38 and 124 99 
(C=CH 2 ), 76.09, 73.62, 72.13, 72.03, 70.23, 70.19, 68.23, 
68.19, 68 .05 and 67.81 (C-l ' , C -2 ' , C-3', c-4' and C-5'),' 
35 61.00 and 60.28 (C-2 and NCH 2 C=CH 2 ), 51. 7 2 and 51.67 ( C -6) ,' 
29.68 and 29.33 (CH 2 C=CH 2 ), 28.31 and 27.81 (C-3), 22.59 and 
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22.30 (C-5), 21.63 and 21 41 (r-4) la 1,1 

^x.fix (0-4), 16.14 and 15 93 frwn\ 
MS (Neg FAB) : m/z 328 <M-Na)-. £ 3) " 

GM 3426: After purification on a reverse h 
two dxastereoisomers. 1 H NMR ( d 20) - 5 53fi XtUrSOf 

H c ::r:'e 5 0 - 3i( 4 s ' 75 iH ; c=cH ° eb) - «■•» - - « — - « 

10 ih h-im 4*33 ! 4 25 : r^v 3 ; - «-« 

(m, JH, H-5 1 and COOCHoCH^) i ^ 
3.23 (b 4H. N C„ 2 CC„ 2 , H _ 2 and H . 6e) , 2 62 Z 2 fl[' ~ 
-6a and C„ 2 C=C„ 2) , 2 . 06 (bm , 1H ±n piperidine 3H, 
1.51 (m, 5H in piperidine ring), 1.38 - 1. 28 (m 6H r», ^ 

is ™ fl3) 122 50 13 ( c c c nmr ,D2o): 5 »«••• 

.Cat/ ; c c :f. H2) c.;. 5 - 4 c' 3 . 75 c 5 ;. 74 - 75 - 74 - 66 - "■»• 

' u ^ f C-3 ' , C-4 1 and r-^M <z<~ 
65 AS tr o\ o ,n ^ ' ' 66.66 and 

3 23 73 h 34,27 '2 H2C = CH 2>- and 28.64 ^ 

, 23.73 and 23.63 fC-S^ 99 oo ,^ 

25 :°rr nd uas obtai r d which * 1:1 0/1 

25 ^stereoisomers. 1„ NMR (DMSO, : 5 4.91 ,.. 1H C-CHHM 

d i„ ,s '/-' 4 r„ Ha£b '' 4 - 73 <d - ih ' j - *■> " i 

ia, 1H, ^7 = 4.9 Hz, OH), 4 31 ih t „ ^ 

. „ ~ ' 1 (d ' 1H ' J = 4.9 Hz, OH), 4 04 

and 4 03 <„ 2H, J . 7.! „ z , C0 2 CH 2 CH 3 ,, 3. 90 (m . 1„7 ^ . 
3.72 l„, H-5.,, 3 . 63 (n# 1H> H _ 2 , > 

30 and H-4 ' ) , 2 92 - 2 7fi /m *,„ 

„ 2 ; 9 f 2 - 76 (m ' 2H ' NCH 2 C=CH 2 ), 2 . 6 9 (m , lH , H _ 

: ~ 2 - 31(m ' 3H ' H ~ 6e and CH2C=CH 2 ), 2.20 - 2.10 (m 
H H 2 a and H-6., , . 1.98 (n , lH , h-3'), 1.74 ( », IH, h-J"' 
1-72 (xn, 1H , H-5e), i. 4 l ( m , 2H , H -4a and H-5a) , 1.1 6 t ' 
3H, a= 7.1 Hz, C02CH2CH3), 1.06 (d, 3H, J = 6 6 H z CH^' 

35 -chT it;; 5 d 173 - 47 (202ch2ch3) - — an H d 2 'i:f 6 

(C-CHp,. 113.52 and 113.38 ( C =CH 2 ), 72.83, 72 . 62 , 70 .7 2 , 
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70.37, 70.30, 68.41, 68.37 and 67.50 (C-l', C -2 • , C-3 • c-4 < 
and C-5'), 63.78 (COOCH 2 CH 3 ) , 59.93 (NCH 2 C=CH 2 )', 55.22 and 
55.04 (C-2), 53.72 and 53.53 (C-6) , 41.10 (C-3, , 29.57 and 
29.34 (CH 2 C=CH 2 ), 26.45 (C-4), 23.98 (C-5), 16.23 (CH 3 ) 
5 14.21 (COOCH 2 CH 3 ). MS (POS FAB): m/z 358 (M+H)+. ~ ' 

GM 3445: After purification on a reversed phase 
octadecyl silica gel clot in a glass buchner funnel eluting 
wxth water and lyophilization, a white amorphous solid was 
obtained. 1 H NMR (D 2 0) : 5 5.37 (s, 1H, C=CH a H b > , 5.35 ( s 
10 i„, C=CH a H b ), 4.11 ( m , iH , H -l ' ) , 3.89 ( m , 2H in pyranosyl 
ring), 3.82 - 3.72 (m, 2H, 2H in pyranosyl ring), 3.58 (m 
2H, NCH 2 C=CH 2 ), 3.04 ( m , 4H, H-2 and H-6) , 2 57 < m 2H ' 
CH 2 C=CH 2 ), 2.34 (m, IH, H-3) , 1.81 (m, 4H, H-4 and H)' 
1-09 (m, 3H, CH 3 ). 13 c NMR (D 2 0) : 6 181.09 (C0 2 Na), 136 65 
15 <C-CH 2 >, 123.49 (C=CH 2 ), 74.22, 72.16, 70.94, 68.93, and 
68.69 (C-1', c-2', C-3', C-4' and C-5',, 62.14 (NCH 2 C=CH 2 ), 
55.34 and 54.27(C-2 and C-6), 42.42 (C-3), 30.34 (CH 2 C=CH 2 ), 
2.6.55 (C-4), 22.48 (C-5), 16.32 (CH 3 ). MS (Neg FAB): m/z 
328 (M-Na)~. 

20 GM 3589: 1 H NMR (CDC1 3 ): 5 5.50 (s, IH, H-a) , 3 54 

(s,3H, COOCH3), 2.83-2.77 (m, 6H in piperidine ring), 2.11 
(m, 2H in piperidine ring). 13 c NMR (CD C1 3 ): 5 166 65 
(COOCH3), 160.14 (C-4), 113.06 (C-a) , 77.43, 77.01 and 76 58 
(CDCI3) r 50.53 (COOCH3), 48.23 and 47.50 (C-2 and C-6) 

25 38.35 and 31.30 (C-3 and C-5). MS (POS FAB): m/z 15 ' 6 
(M+H) +. 

GM 3590: After purification on a' silica gel column 
eluting with CHCl 3 -MeOH (95:5 and 9:1), a white solid 
compound was obtained. 1 H NMR (CD3OD) : 6 5.66 (s, IH H-a) 

30 5.01 (s, IH, C-CHaHb), 5.00 (a , IH, C=CH a H b ) , 4.16 (m, IH,' 
HI'), 3.90 (m, 2H in pyranosyl ring), 3.68 (m, 2H in 
pyranosyl ring), 3.65 (s, 3H, COOCH3) , 3.04 (d, IH, J = 13 2 
Hz, NCH a H b C=CH 2 ), 2 .98 - 2.90 (m, 3H, H-2a, H-6a 
NCH a H b C=CH 2 ) , 2.58 - 2 . 38 (m, 8H, H-2b, H-6b, H-3a, H-3b H- 

35 5a, H-5b, and CH 2 C=CH 2 ), 1.18 (d, 3H, J= 6.5 Hz, CH 3 ) . ' 13 c 
NMR (CD3OD) : 5 168.43 (C0 2 CH 3 ), 161.37 ( C -4), 145.49 
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(C-CH2), 115.33 (C-CH2), 114.42 (C-a), 75.10, 72.58, 72.17 
69.90 and 68.96 (C-l - , C -2 ■ , C-3', c-4 ' and C-5 ' ) , 64 37 
(NCH 2 C=CH 2 ), 55.90 and 55.28 (C-2 and C-6) , 51.38 (COOCH 3 ) , 
37.47 and 30.56 (C-3 and C-5), 30.27 (CH 2 C= C H 2 ), T 6 .57 
5 (CH 3 ) . MS (POS FAB): m/z 356 (M+H)+. 

GM 3591: After purification on a reversed phase 
octadecyl silica gel clot in a glass buchner funnel eluting 
with water, 10% methanol in water, and lyophilization, a 
white amorphous solid was obtained. 1 H NMR (D 2 0 + CD 3 OD) • 5 
10 5.73 (s , 1H, H-a), 5.33 (s, 1H, C=CH a H b ) , 5.29 (s, 1H, 

C=CH a H b ), 4.11 (m, 1H, H-l ' ) 3 90 ( m ou ■ 

- n x 1 r o.yu (m, 2H m pyranosyl 

ring), 3.71 (m, 2H in pyranosyl ring), 3.57 (d, 1H j = 13 2 
Hz, NCH a H b C=CH 2 >, 3.41 ( d, 1H, J= 13 . 2 H z, NCH a H b C=CH 2 ,' , 
3.10 - 2.81 (m, 6H, H-2a, H-2b, H-6a, H-6b, and CH 2 C=CH 2 ) 
15 2.61 - 2.31 (m, 4H, H-3a, H-3b, H-5a, H-5b) , 1.08 7d, 3H, j 
- 6.5 Hz, CH 3 ). 13 C NMR (D 2 0 + CD 3 OD) : 5 176.09 (C0 2 Na) 
142.43 (C-4), 137.63 (C-CH 2 >, 123.99 (C=CH 2 >, 123 . 2 9 ~ (C-a ) , 
74.38, 72.45, 71.00, 68.87 and 68.55 (C-l', C-2', C-3' C-4 ' 
and c-5'), 61.77 ( N CH 2 C=CH 2 ), 54.51 and 54.14 (C-2 and' C-6) 
20 33.24 (C-3 or C-5), 30.22 (CH 2 C=CH 2 ), 27 .46 (C-5 or C-3)' 
16.47 (CH 3 ). MS (Neg FAB): m/z 340 (M-Na)~. 

GM 3508: After purification on a silica gel column 
eluting with CHCl 3 -MeOH (95:5 and 9:1), a white solid 
compound was obtained. 1 H NMR (DMSO) : 6 6 84 (dt 1H J = 
25 15.4 Hz, J = 7.6 Hz, J = 7.6 Hz, H-b) , 5.85 (d, 1H,' J = 15 4 
Hz, H-a), 4.90 (s, 1H, C=CH a H b ) , 4.86 (s, 1 H , C=CH a H b ) , 4.77 
(bs, 1H, OH), 4.52 (d, 1H, j - 4.8 Hz, OH), 4.32 (d, 1H, J = 
5.0 Hz, OH), 4.09 (q, 2H, j. 7.1 Hz, COOCH 2 CH 3 ), 3.91 (ddd, 
1H J= 10.9 Hz, 5.0 Hz, j- 2.1 Hz, H-l'), 3.72 (m, 1H, 

30 H-5'), 3.63 (dd, IK/, - 7.8 Hz, j = 5 . 0 Hz, H-2'), 3.48 (m, 
2H, H-3' and H-4 ' ) , 2.87 (d, 1H, J = 12.8 Hz, NCH a H b C=CH 2 , , 
2.77 (d, 1H, j - 12.8 Hz, NCH a H b C=CH 2 ), 2 .75 (m, 2H, H-2e 
and H-6e), 2.35 (dd, 1H, j = 14.9 Hz, j = 10 9 Hz 
CH a H b C=CH 2 ), 2.17 ( dd , 1H, j = 14.9 Hz, J = 21 Hz ' 
35 CH a H b C=CH 2 ), 2.12 (dd, 2H, j . 7.6 Hz, j = 6 . 7 Hz / H _ c) ' 
1.77 (m , 2H, H-2a and H-6a) , 1.57 (m, 2H, H -3e and H -5e) ' 
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1-38 (m, IH, H-4), 1.19 (t, 3H, J= 7.1 Hz, COOCH 2 CH 3 ), 1.14 
(m, 2H, H-3a and H-5a) , 1.05 (d, 3H, J = 6.5 Hz, CH 3 ) . 13 C 
NMR (DMSO): 5 165.68 (C0 2 CH 3 ), 147.91 (C-b) , 145.00 (C=CH 2 ), 
122.30 (C-a), 113.30(C=CH 2 ), 72.51, 70.76, 70.21, 68.43 and 
5 67.58 (C-l', C-2', C-3', C-4 • and C-5 ' ) , 63. 97 <NCH 2 C=CH 2 ) , 
59.84 (COOCH 2 CH 3 ), 53.54 and 53.25 (C-2 and C-6) , 38.74 (C- 
c), 34.91 (C-4), 31.87 (CH 2 C=CH 2 ), 29.63 (C-3 and C-5), 
16.57 (CH 3 ), 14.27 (COOCH 2 CH 3 ) . MS (POS FAB): m/z 398 
(M+H) + . 

10 GM 3509: After purification on a reversed phase 

octadecyl silica gel clot in a glass buchner funnel eluting 
with water, 10% methanol in water, and lyophilization, a 
white amorphous solid was obtained. 3-H NMR (D 2 0) : 5 6.52 
(dt, 1H, J= 15.5 Hz, J = 7.4 Hz, J= 7.4 Hz, H-b), 5.80 (d, 
15 1H, J= 15.5 Hz, H-a), 5.40 (s, 1H, C=CH a H b ) , 5.35 (s, 1H, 
C=CH a H b ), 4.14 (m, 1H, H-l • ) , 3.99 - 3.90 (m, 2H in 
pyranosyl ring), 3.78 - 3.71 (m, 2H in pyranosyl ring), 3.66 
(d, IH, J= 13.7 Hz, NCH a H b C=CH 2 ) , 3.51 (d, 1H, J= 13.7 Hz, 
NCH a H b C=CH 2 ) , 3.43 (m, 2H, H-2e and H-6e) , 2.81 (m, 2H, H-2a 
20 and H-6a), 2.60 (dd, IH, J = 15.3 Hz, J = 12 .1 Hz, 
CH a H b C=CH 2 ), 2.34 (bd, IH, J = 13.6 Hz, CH a H b C=CH 2 ) , 2.14 
(dd, 2H, J= 1.4 Hz, J= 6.3 Hz, H-c) , 1.89 (m, 2H, H-3e and 
H-5e), 1.71 (m, IH, H-4), 1.42 (m, 2H, H-3a and H-5a) , 1.11 
(d, 3H, J = 6.4 Hz, CH 3 ). 13 c NMR (D20) : 5 176.56 (C0 2 Na), 
25 143.30 (C-b), 137.21 (C=CH 2 ), 129.24 (C-a), 123.48 (C=CH 2 ), 
74.48, 72.54, 70.80, 68.70 and 68.37 (C-l«, C-2', C-3', C-4' 
and C-5'), 61.70 (NCH 2 C=CH 2 ), 54.13 and 53.37 (C-2 and C-6), 
38.25 (C-c), 33.81 (C-4), 30.12 (CH 2 C=CH 2 ) , 29.79 (C-5 and 
C-3), 16.48 (CH 3 ) . MS (Neg FAB): m/z 368 (M-Na)~. 
30 GM 4454: After purification on a reversed phase 

octadecyl silica gel clot in a glass buchner funnel eluting 
with water, 10% methanol in water, and lyophilization, a 
white amorphous solid was obtained. 1 H NMR (D 2 0) : 6 6.54 
(dt, IH, J = 15.6 Hz, J = 7.4 Hz, J = 7.4 Hz, H-b), 5.81 (d, 
35 IH, J= 15.6 Hz, H-a), 5.40 (s, IH, C=CH a H b ) , 5.32 (s, 1H [ 
C=CH a H b ), 4.21 (m, IH, H-l'), 4 . 01 - 3.96 (m, 2H in 
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pyranosyl ring), 3.84 (m , lti in pyranosyl ring) , 3 ^ (d<J 
1H, J = 9.8 Hz, j = 3.3 Hz, H-3 • ) , 3.67 (d, 2H, J = 6 .1 Hz,' 

H-6'a and H-6'b), 3 62 Id i u t n r> * „ 

o,, j.b2 (d, 1H, J = 13.4 Hz, NCH a H b C=CH 2 ), 

3.52 ( d , 1H, jr - 13.2 Hz, NCH a H b c=CH 2 ) , 3.40 (m, 2H, H-2e 
5 and H-6e), 2.74 (m, 2H, H-2a and H-6a) , 2.58 (dd, 1H, J = 

15.3 Hz, J = ll.l Hz, CH a H b C=CH 2 ), 2.39 (bd, 1 H , J = 13 2 
Hz, CH a H b C=CH 2 ), 2.15 (dd, 2H, J= 7.4 Hz, J= 6.3 Hz, H-c) 

1.88 (m, 2H, H-3e and H-5e) , 1.70 (m, 1H, H-4), 1.42 (m, 2 H ' 
H-3a and H-5a) . 13 c NMR (D 2 0) : 5 176.63 (C0 2 Na) , 143 34 (C- 
10 b), 137.25 (C-CH2), 129.20 (C-a), 123.51 (C=CH 2 ), 74 55 
73.34, 70.61, 69.84 and 69.05 (C-1-, C-2 • , C-3 • , C-4 ' and C- 
5'), 61.84 (C-6- and NCH 2 C=CH 2 ), 54.14 and 53.49 (C-2 and C- 
6), 38.24 (C-c), 33.80 (C-4), 30.12 (CH 2 C=CH 2 ), 29.79 (C-5 
and C-3). MS (Neg ESI): m/z 384 (M-Na)~. 

15 GM 4455 : After Purification on a reversed phase 

octadecyl silica gel clot in a glass buchner funnel eluting 
with water, 10% methanol in water, and lyophilization, a 
white amorphous solid was obtained. 1 H NMR (D 2 0) : 5 6 54 
(dt, 1H, J= 15.8 Hz, J= 7.2 Hz, J= 7.2 Hz, H-b) , 5.80 (d, 
20 1H, J= 15.8 Hz, H-a), 5.33 ( s , 1H , C=CH a H b ) , 5.28 (s, 1H, 
C=CH a H b ), 4.08 (m, 1H, H-l • , , 3.87 - 3.54 (m, 6H in 
pyranosyl ring), 3.50 (d, 1H, J = 13.7 Hz, NCH a H b C=CH 2 , , 
3.41 (d, 1H, J = 13.2 Hz, NCH a H b C=CH 2 ), 3.30 (m, 2H, H-2e 
and H-6e), 2.65 - 2.48 (m, 3H, H -2a, H-6a and CH a H b C=CH 2 ) , 
25 2.39 (dd, 1H, j = 15.4 Hz, J = 4.8 Hz, CH a H b C=CH 2 ), 2.14 
(dd, 2H, 7.2 Hz, J= 6.5 Hz, H-c), 1.84 (m, 2H, H-3e and 

H-5e), 1.66 (m, 1H, H-4), 1.38 (m, 2H, H-3a and H-5a) 13 c 
NMR (D 2 0): 5 176.65 (C0 2 Na) , 143.59 (C-b) , 137.53 (C=CH 2) 
129.08 (C-a), 122.63 (C=CH 2 ) , 76.76, 75.31, 71.81, 7l7 5 2 and 
30 68.37 (c-1., C-2', C-3', C-4' and C-5'), 62.11 (NCH 2 C=CH 2 ), 
61.98 (C-6-), 54.10 and 53.66 (C- 2 and C-6) , 38.42 (C-c) 
34.13 (C-4), 34.04 (CH 2 C=CH 2 ), 30.11 ( C -5 and C-3). MS (Neg 
ESI): m/z 384 (M-Na)~. 

Additional compounds prepared according to these 
35 teachings are shown in Tables A-C. 
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Example 4 

Sulfated N-acylated Heterocycles 

A procedure for selective sulfation of the hydroxy 
group on the piperidine ring of an N-allyl-c-glycoyl 
5 piperidine is shown in Scheme 4 below. 



OH 



6 



N 
I 

H 



+ AcO^T^o^y Cl Cs2C0 3,Nal 



\a DMF 

« OAc 



OAc 





OSQ3H 



m OAc 



AcO OAc 




NaOMe 

■ : » 

MeOH 



OAc 



«'OAc 



OAc 



OSQjNa 




HO OH 



Scheme 4 

The reaction shown in Scheme 4 was performed according 
to the following procedure. The acetylated C-a-L- 

10 fucopyranosyl allylchloride (2, 3.46 g, 9.52 mmole, 1 mmole 
equiv.) was dissolved in dry DMF (20 mL) . To the solution 
were added 4-hydroxypiperidine (1, 1.01 g, 10.0 mmole, 1.05 
mmole equiv.), Nal (713.5 mg, 4.76 mmole, 0.5 mmole equiv.), 



and CS2CO3 (3.10 g, 



9.52 mmole, 1 mmole equiv.). 
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mixture was stirred at room temperature overnight (16 hrs) 
under nitrogen balloon protection. Then the mixture was 
poured into water and chloroform was used to extract the 
product until TLC showed no product in the aqueous layer. 
5 The combined extracts were dried over Na 2 S0 4 , filtered and 
evaporated. The condensed residue was loaded on a silica 
gel column, eluting with CHC1 3 — MeOH (95:5). A light yellow 
syrupy compound (3, 3.74 g, 92% yield) was obtained. 

The W-allyl-c-a-L-fucosyl 4 -hydroxypiperidine compound 
10 (3, 2.36 g, 5.52 mmole, 1 mmole equiv. ) was dissolved in dry 
pyridine (11 mL ) . To the solution was added sulfur trioxide 
pyridine complex (1.76 g, 11.04 mmole, 2 mmole equiv.) and 
the mixture was stirred at room temperature overnight (16 
hrs) under nitrogen balloon protection. The TLC showed the 
15 complete disappearance of starting material. To the mixture 
was added methanol (25 mL) to destroy any excess sulfur 
trioxide pyridine complex. The solution was stirred at room 
temperature for 15 minutes and then all of the solvent was 
evaporated. The mixture was under high vacuum dry for 3 hrs 
20 and then redissolved in water (2 mL) . The water mixture was 
loaded on a reversed phase octadecyl silica gel clot in a 
glass buchner funnel and eluted with water, 10% methanol in 
water and 20% methanol in water to obtain the sulfated 
intermediate 4. After evaporation of methanol and 

25 lyophilization, a white amorphous solid 4 was obtained. The 
sulfated intermediate 4 was dissolved in dry methanol (50 
mL). To the solution was added 1.5 equivalent of NaOMe in 
methanol (0.5 M) and the mixture was stirred at room 
temperature for 10 minutes. TLC showed complete 
30 deacetylation. After evaporating all of the solvent, the 
residue was redissolved in water (1 mL) . The solution was 
loaded on a reversed phase octadecyl silica gel clot in a 
glass buchner funnel and eluted with water, 10% methanol in 
water. The first three fractions (25 mL x 3) were dis- 
35 carded, because these fractions contained the inorganic 
sodium salts. After evaporation of methanol and lyophili za - 
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tion, a white amorphous solid 5 was obtained, 1.85 g, 83% 
yield . 

The compounds of Figure 9 were synthesized using the 
techniques described herein and characterization data for 
5 each of these compounds is provided below. 

GM 3459: After purification on a reversed phase 
octadecyl silica gel clot in a glass buchner funnel eluting 
with water, 10% methanol in water and lyophilization, a 
white amorphous solid was obtained. NMR (D2O) : 5 5.24 

10 (s, 1H, C=CH a H b ) , 5.23 (s, 1H, C=CH a H b ) , 4.55 (m, 1H, H-4), 
4.17 (m, 1H, H-l'), 3.99 (m, 2H in pyranosyl ring), 3.80 (m, 
2H in pyranosyl ring), 3.37 (d, 1H, J = 13.3 Hz , 
NCH a H b C=CH 2 ) , 3.18 (d, 1H, J = 13.3 Hz, NCH a H b C=CH 2 ) , 2.93 
(m, 2H, H2a and H-6a) , 2.73 (m, 2H, H-2b and H-6b) , 2.58 
15 (dd, J = 15.0 Hz, J = 12.0 Hz, CH a H b C=CH 2 ), 2.34 (bd, J = 
13.9 Hz, CH a H b C=CH 2 ), 2.04 (m, 2H, H-3a and H-5a), 1.95 (m, 
2H, H-3b and H-5b) , 1.14 (d, 3H, J = 6.5 Hz, CH 3 ) . 13 C NMR 
(D 2 0) : 6 140.34 (C=CH 2 ), 119.99 (C=CH 2 ), 75.42 (C-4), 74.79, 
72.70, 70.83, 68.85 and 68.23 (C-l\ C-2 ■ , C-3 ' , C-4' and C- 
20 5'), 62.56 (NCH 2 C=CH 2 ), 50.49 (C-2 and C-6) , 30.56 
(CH 2 C=CH 2 ), 29.87 (C-3 and C-5), 16.51 (CH 3 ) . MS (Neg FAB): 
m/z 402 (M-H)-, 380 (M-Na)~. 

GM 3991: After purification on a reversed phase 
octadecyl silica gel clot in a glass buchner funnel eluting 
25 with water, 10% methanol in water and lyophilization, a 
white amorphous solid was obtained. NMR (D 2 0) : 5 5.37 

(s, 1H, C=CH a H b ) , 5.31 (s, 1H, C=CH a H b ) , 4.59 (m, 1H, H-4), 
4.00 (t, 1H, J= 5.9 Hz, H in pyranosyl ring), 3.94 (dt, J — 
7.9 Hz, J = 7.9 Hz, J = 3.9 Hz, H-l'), 3.86 (m, 2H in 
30 pyranosyl ring), 3.61 (t, 1H, j = 6.2 Hz, H in pyranosyl 
ring), 3.50 (s, 2H, NCH 2 C=CH 2 ) , 3. 10 (m, 2H, H2a and H-6a), 
3.00 (m, 2H, H-2b and H-6b) , 2.53 (dd, J = 15.3 Hz, J = 4.0 
Hz,. CH a H b C=CH 2 ), 2.39 (dd, J = 15.3 Hz, J = 7.9 Hz, 
CH a H b C=CH 2 ), 2.05 (m, 4H, H-3 and H-5), 1.18 (d, 3H, J= 6.5 
35 Hz, CH3). 13 C NMR (D 2 0) : 6 137.71 (C=CH 2 ), 122.80 (C=CH 2 ), 
86.73, 81.22, 81.11, 78.48 and 68.43 (C-l ' , C-2', C-3', C-4 ■ 
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T 2 C "?; J, 3 '' 9 <C " 41 ' 63 '° 2 ,N ^ C - CH 2., 50.00 and ,9.96 
C-2 and c-6,, 38.38 (CH 2 CCH 2 ,, 29.59 (c-3 and C-5), 19 00 
<£H 3 ). MS (POS ESI) : m / z 404 (M+HI+ 

GM 3993: after purification on . 

with T S Cl0t ^ a 91333 tUChn « ""tin, 

" ,T T lyophilization, a whit, amorphous solid was 

1H, C-CH a Hb), 4.65 ( m , 1 H , H-4), 4.23 (ddd, 1H, J - 11 1 H 2 

10 t 7 J " B " 1 ' ) ' 4 -°° ' dd ' 1H ' J ~ 9 - 7 HZ. J 1 

10 5.7 Hz, H-2M. 3.97 (dd, 1H, J, 3 .3 Hz, J. 1.9 Hz, H-4 • , 

3.86 ,dt, 1H, J - 6.5 Hz, J . 6.5 Hz, J , 1.9 H2 H J , ' 
3.79 <dd HZ, ,=3.3 „z, H-3'), 3.72 <d, 1H, J 

H 6 b , ^ 7? bC * CH2 '' 3 - 69 J - H *' «-«'» 

15 H2 d „ J ' J " NCH ^bC.CH 2) , 3.23 4H, 

15 H-2 and H-6), 2.61 (dd, J - 15.4 H z, J - n j H z 

CH a H b C-CH 2 ), 2.43 (dd, J - 15 4 Hz 7 - o « u 

, , - 4 H2 ' J " 2 - 8 HZ/ CH a H b C-CH 2 ), 

2 12 4H, H-3 and „-5). 13 c NMR (D 2 0) : o 136.71^(^2, 

6 Vol 1 JT 2 '' 72 - 50 <c - 4) - 74 - 6 °- 73 - 37 - 6 9 : 8 4 an ; 

69.03 ,c-l., C-2', c-3', C-4 ■ and C-5'), 61.88 (C-6'), 61 76 
20 (N CH 2 C=CH 2 ), 49. 92 and 49.68 ,c-2 and c-6, ' 

<£H2C : CH2,. 29.14 (c-3 and C-5,. MS (PCS E SX,= „ /2 420 

GM 41.3= After purification on a reversed phase 
octadecyl silica gel clot in a glass buchner funnel eluting 
25 „xth water and lyophilization. a white amorphous solid was 
obtained. 1 H NMR (D20 , s S 5 . 24 „, lH , c , cfia „ b) , 5 . 20 
1H, C-CH a Hb), 4.53 (m, 1H, H-4), 4.15 (t, 1H, J. 6.2 Hz H- 
4'), 3.98 (ddd, 1H, J - 12.7 Hz, J . 7.7 Hz, J = 4 9 Hz' H- 
!■), 3.90 (dd, 1H, J - 12.7 Hz, 6.8 Hz, „- 2 . , , 3.79',™, 

2H rn pyranosyl ring,, 3 .63 (m, 2H in pyranosyl ring,, 3 22 
(s, 2H NCH 2 C=CH 2) , 2.88 , m , 2H, „- 2a and H-6 2) , 2.64 
2H, H-2b and H-6b), 2.48 (dd, J - 15.4 H z, J . 4 9 H z 
CHaH b C-C„ 2 ), 2.37 ,dd. 15.4 „ 2 , , . 7.7 Hz. CW-CHa,,' 

2_03 ,», 2H, H-3a and H-5 b ) , 1.91 (B . 2H, H-3 b an~d H-5 b ) 
35 13 C NMR (D 2 0, : 6 139.99 (C-CH2), 119.82 (C-CH 2 , 7544 , c 
4). 8 2 .39. 81.57, 80.93, 77.90 and 72.13 (C-l' ( C - 2 / C-3', 
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C-4' and C-5'), 63.70 (C-6'), 63.45 (NCH 2 C=CH 2 ) , 50.47 and 
50.25 (C-2 and C-6), 38.68 (CH 2 C=CH 2 ) , 30.52 (C-3 and C-5) . 
MS (POS ESI): m/z 420 (M+H) + . 

GM 4149: After purification on a reversed phase 
5 octadecyl silica gel clot in a glass buchner funnel eluting 
with water and lyophilization, a white amorphous solid was 
obtained. 1h NMR (D 2 0): 6 .5.23 (s, 1H, C=CH a H b ) , 5.21 (s, 
1H, C=CH a H b ) , 4.52 (m, 1H, H-4), 4.11 (ddd, 1H, J = 10.2 Hz,' 
J = 4.9 Hz, J = 2.9 Hz, H-l • ) , 3.91 - 3.57 (m, 6H in 
10 pyranosyl ring), 3.29 (d, 1H, J = 13.8 Hz, NCH a H b C=CH 2 ) , 
3.18 (d, 1H, J = 13.8 Hz, NCH a H b C=CH 2 ) , 2.87 (m, 2H, H-2a 
and H-6a), 2.63 (m, 2H, H-2b and H-6b) , 2.59 (dd, J = 15.3 
Hz, J = 10.2 Hz, CH a H b C=CH 2 ), 2 .35 (dd, J= 15.3 Hz, J= 4.9 
Hz, CH a H b C=CH 2 ), 2.04 (m, 2H, H-3a and H-5a) , 1.91 (m, 2H, 
15 H-3b and 5b). 13 C NMR (D 2 0) : 5 139.79 (C=CH 2 ), 120.11 
(C=CH 2 ), 75.50 (C-4), 77.13, 75.03, 72.02, 71.61 and 68^34 
(C-l', C-2', C-3', C-4' and C-5'), 62.64 (C-6'), 62.12 
(NCH 2 C=CH 2 ), 50.57 (C-2 and C-6), 33.96 (CH 2 C=CH 2 ), 30.61 
(C-3 and C-5). MS (Neg ESI): m/z 396 (M-Na)~. 
20 GM 3960: After purification on a reversed phase 

octadecyl silica gel clot in a glass buchner funnel eluting 
with water, 10% methanol in water and lyophilization, a 
white amorphous solid was obtained. *H NMR (D 2 0) : 5 5.42 
(s, 1H, C=CH a H b ), 5.38 (s, 1H, C=CH a H b ) , 4.18 (ddd, 1H, J = 
25 11.3 Hz, J = 6.1 Hz, J= 3.3 Hz, H-l'), 4.02 - 3.95 (m, 4H, 
H-a and 2H in pyranosyl ring), 3.78 (m, 2H in pyranosyl 
ring), 3.69 (d, 1H, J= 13.7 Hz, NCH a H b C=CH 2 ) , 3.54 (d, 1H, 
J = 13.7 Hz, NCH a H b C=CH 2 ) , 3.49 (m, 2H, H-2e and H-6e) , 2.89 
(t, 1H, J = 11.3 Hz, H-2a or H-6a) , 2.81 (t, 1H, J = 11. 3 
30 Hz, H-6a or H-2a) , 2 .63 (dd, J = 15.6 Hz, J = 11 . 3 H z, 
CH a H b C=CH 2 ), 2.34 (bd, J = 13.6 Hz, CH a H b C=CH 2 ) , 1.97 (m,' 
3H, H-4, H-3e and H-5e) , 1.57 (m, 2 H, H-3a and H-5a) , I.14 
(d, 3H, J = 6.5 Hz, CH3) . 13 c NMR (D 2 0) : 5 138.26 (C=CH 2 ), 
122.36 (C=CH 2 ), 73.15 (C-a), 74.60, 72.62, 70.82, 68.77 and 
35 68.34 (C-1-, C-2', C-3', C-4' and C-5'), 62.14 (NCH 2 C=CH 2 ), 
53.76 and 52.95 (c-2 and C-6), 34 .56 (C-4), 29.98 
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(CH 2 C=CH 2 ), 26.88 (C-3 and C-5) , 16.49 (CH 3 ) . MS (Neg ESI)- 
m/z 394 (M-Na) " . 

GM 4200: After purification on a reversed phase 
octadecyl silica gel clot in a glass buchner funnel eluting 
5 with water, 10% methanol in water and lyophilization, a 
white amorphous solid was obtained. 1 H NMR (D 2 0) • 6 5 37 
(s, 1H, C=CH a H b ), 5.32 (s, .1H, C=CH a H b ) , 4.11 (ddd, IH, J = 
7.8 Hz, J = 4.7 Hz, j = 2.2 Hz, H-l ' ) , 3.95 (d, 2H, J = 5 6 
Hz, H-a), 3.91 - 3.59 (m, 6H in pyranosyl ring), 3. 55 (d 
10 1H, J = 13.7 Hz, NCH a H b C=CH 2 ), 3.45 (d, 1H, J = 13 7 Hz ' 
NCH a H b C=CH 2 ), 3.37 ( m , 2 H, H-2e and H-6e) , 2.63 (m, 3H ' 
CH a H b C=CH 2 , H-2a and H-6a) , 2.38 (dd, J = 15.2 Hz, J = 4 7 
Hz, CH a H b C=CH 2 ), 1.92 (m, 3H, H-4, H-3e and H-5e) , 1.52 (m, 
2H, H-3a and H-5a). 13 c NMR (D 2 0): 5 137.47 (C=CH 2 ) 122 78 
15 (C-CH2), 73.11 (C-a), 76.80, 75.30, 71.85, 71.55 and 68.' 3 9 
(C-1-, C-2', C-3', C-4' and C-5'), 62.14 (NCH 2 C=CH 2 ), 62.01 
(C-6'), 53.58 and 53.12 (C-2 and C-6) , 34.52 (C-4), 34 01 
(CH 2 C=CH 2 ), 26.81 (C-3 and C-5). MS (Neg ESI): m /z 410 (M- 
Na) 

20 GM 4201: After purification on a reversed phase 

octadecyl silica gel clot in a glass fauchner funnel eluting 
w lt h water, 10% methanol in water and lyophilization, a 
white amorphous solid was obtained. 1 H NMR (D 2 0) : 5 5.45 
(s, 1H, C=CH a H b ), 5.32 (s, 1H, C=CH a H b ) , 4.11 ( m , iH , H -l'), 

25 4.04 - 3.95 (m, 4H, H-a and 2H in pyranosyl ring), 3.87 (t 
IH, J = 5.9 Hz, H-4'), 3.80 (dd, IH, J = 9.8 Hz, J = 3.1 Hz,' 
H-2'), 3.71 - 3.67 (m, 3H, NCH a H b C=CH 2 and 2H in pyranosyl 
rang), 3.59 (d, IH, J= 13.7 Hz, NCH a H b C=CH 2 ) , 3.50 (m, 2H, 
H-2e and H-6e) , 2.84 (m, 2H, H-2a and H-6a) , 2.84 (dd, IH, J 
30 - 15.3 Hz, J = 11.3 Hz, CH a H b C=CH 2 ), 2.61 (bd, J = 13.2 Hz 
CH a H b C=CH 2 ), 1.97 (m, 3H, H-4, H-3e and H-5e) , 1.57 ( m , 2H,' 
H-3a and H-5a) . 13 C NMR (D 2 0) : 6 136.94 (C=CH 2 ) 124 01 
<C-CH 2 ), 72.83 (C-a), 74.61, 73.39, 70.64, 69.88 and 69.08 
(C-l', C-2', C-3', C-4' and C-5'), 61.90 (NCH 2 C=CH 2 and C- 
35 6'), 53.62 and 52.98 ( C -2 and C-6), 34.14 (C-4), 30 .38 
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(CH2C-CH2). 26.45 (C -3 and c-3). MS (Nee, ESI,: «/, , 10 (M . 

- N3 ) 

GM 4 202: After purification on a reversed phase 
octadecyl silica gel clot in a glass buchner funnel eluting 
5 with water, 10% methanol in water and lyophilization, a 
white amorphous solid was obtained. 1 H NMR (D 2 0) • 5 5 40 
<s, 1H, C=CH a H b ), 5.36 (s,. 1H, C=CH a H b ) , 4.15 (t, 1H J = 
5.9 Hz , H - 4 4 .02 - 3.76 (m , 4H , H ^ and 2R ^ pyr J 

ring), 3.69 - 3.61 (m, 2H in pyranosyl ring), 3 59 - 3 51 
10 (m, 2H in pyranosyl ring), 3.47 (s, 2H, NCH 2 C=CH 2 ), 3.34 "( m 
2H, H-2e and H-6e) , 2.63 (m, 2H, H-2a and H-6a) , 2.52 (dd' 
1H, J- 15.4 Hz, J- 4.4 Hz, CH a H b C=CH 2 ) , 2.40 (dd, J = 15 4 
Hz, j = 8.0 Hz, CH a H b C=CH 2 ), 1.91 (m, 3H, H-4, H-3e and H- 
5e), 1.52 (m, 2H, H-3a and H-5a) . 13 c NMR (D Q) .. § 
15 (C-CH 2)f 122.35 (C=CH 2 ), 73.14 (C-a), 82.46, 81.57, 80 73 
77.81 and 72.12 (C-1-, C-2 • , C-3', C-4' and C-5 • ) , 63.66^- 
6 ), 63.11 (NCH 2 C=CH 2 ), 53.35 and 53.28 (C-2 and C-6), 38 48 
(CH 2 C=CH 2 ), 34.54 (C-4), 26.81 (C-3 and C-5). MS (Neg ESI)- 
m/z 410 (M-Na) 

20 GM 4221: After purification on a reversed phase 

octadecyl silica gel clot in a glass buchner funnel eluting 
wxth water, 10% methanol in water and lyophilization, a 
white amorphous solid was obtained. 1 H NMR (D 2 0) : 5 4 54 
<m, 1H, H-4), 3.03 (m, 2H, H-2a and H-6a) , 2 . 74 (m, 2H, H-2b 

25 and H-6b) , 2 02 (m, 2H , H-3a and H-5a) , 1. 73 (m , 2H , H _ 3b 
and H-5b). 13 c NMR (D 2 0) : d 77.16 (C-4), 43. 09 (C-2 and C-6) 
32.18 (C-3 and C-5). MS (Neg FAB) : m/z 180 (M-Na)". 
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Scheme 5 

5 The general procedure for the synthesis shown in Scheme 

5 involves the acylation of a piperidine derivative or 
analogue (1), in which the acidic function ±s protected 
a protecting group (R>) , with a carbohydrate der±ved acid 
(2), in which the hydroxyl groups are optionally protected 
10 by appropriate protecting groups <r*> . If the carbohydrate 
contains an amino group the amino group also should be 
protected (R 3, . The protecting groups Qf tfae carbohydrate 
can be removed from the coupling product (3) retaining the 
ester protecting group r* to give compound 4, subsequent 
15 removal of the acid protecting group gives compound 5 
Alternatively, simultaneous removal of all three protecting 
groups in compound 3 can yield compound 5 directly 
Examples of each of these procedures are provided in greater 
detail below. eater 
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Procedure 1. Genera l procedure for the acy Ltinn ^ 

pyridine derivatives with carbohydrate -derived ^ 

solution 

To a solution of the acid (2) (3.0 mmol) in 

5 tetrahydrofuran (THF) , l-hydroxy-7-aza-benztriazole (HOAT) 
(3.75 mmol) is added and the mixture is stirred at room 
temperature until the HOAT dissolves completely (40-60 min) 
N,N'-diisopropylcarbodiimide (DIC) (6.6 mmol) is added to 
the solution and after 10-15 min, a solution of the 
10 piperidine derivative (1) ( 3 .0 mmol) in CH 2 C1 2 (10 mL) also 
1S added. The reaction mixture is stirred at room 

temperature overnight, after which TLC normally indicates 
the absence of starting materials. The mixture is evaporated 
to dryness and the residue is dissolved in CH 2 C1 2 (50 mL) . 
15 This solution is washed with 1M aq. HC1, then with water, 
and is dried with MgS0 4 and concentrated. The crude product 
is purified by column chromatography. 



Procedure 2 



General procedure for the de-O-acetylation nf 



20 



25 



30 



N-acyl piperidine derivatives 

To a solution of the N-acyl piperidine derivative (3) 
in methanol (-20 mL Me OH /I g of 3) , 0.5 M methanolic sodium 
methoxide is added until the solution reaches about pH 9. 
The mixture is stirred at room temperature, and is monitored 
by TLC. When the de-O-acetylation step is finished (about 3- 
4 hours), the mixture is neutralized with Dowex 50W-X8 [H + ] 
resin. The resin is filtered off, the filtrate is 
concentrated, and the residue is purified by column 
chromatography (CHCl 3 :MeOH 10:1) if required. 

Procedure 3. General P rocedure for removal of Q- benzoy l 

protecting groups. 

A solution of starting material in 10% aq. MeOH was 
degassed completely before the flask was filled with 
nitrogen. Catalyst Pd - C (10%) was added under nitrogen 
atmosphere. Hydrogen was filled i n after the solution was 
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degassed again . The reaction mixture was stirred at room 
temperature for two hours. TLC showed the absence of the 

cake. The filtrate was concentrated and lyophilyzed. 

of O-benzovl and N- (9-f lucrenvl ^ thcxvor^ny, , 
protecting groups ' cl 

0 5 T ' th 1Ut , i0n ° f Pr ° teCted *-ivative ,3, in „eOH, 

0.5 M methanols sodium methoxide is added until the 
10 solution reaches pH -9. The mixture is stirred at room 
emperature for 2-3 hours. The reaction is monitored on 
TLC, and absence of ov absorbing material in the product is 
indicative of the complete removal of the protecting groups 
Upon completion of the reaction, the reaction mixture i 
15 cooled to 0 -c and is carefully treated with dilute agueou 
HC1 to convert the free amine into its hydrochloride salt. 
After concentration, the residue is purified by filtration 
on c„ silicagel with a water-methanol gradient. 



Procedure 5 



General procedure for m .t- h yl ester hy rtmi „.-,.. 



Compound 4 is treated with 1M aqueous NaOH (~5 mL / 100 
mg of 4 , at room temperature for 1-2 minutes. The mixture i s 
neutralized immediately with Dowex 50W-X8 [H + ] resin, the 
resin is filtered Qff , and ^ ^ ^ 

case of amine-containing compounds, the reaction mixture 
13 neutral i"d -th diluted aqueous HC1, followed by 
purification on C 18 silicagel to give the product as the 
hydrochloride salt of the amine. 

Z£££ ^ re 6 - Conve -£^l^^ carboxvlic a.iH^ . 
sodium salts - 



30 



To a solution of compound 5 in water (-10 mL / 100 ma 
of 5), Bio-Rex 70 [N a + ] resin is added in excess, and th * 
mixture is stirred at room temperature. The resin is 
filtered off, and the filtrate is lyo P hyli 2e d 
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The compounds shown in Table K were synthesized 
according to these methods and the yields and 
characterization data are provided below. 

GM4610, GM4611 and GM4631 
5 4-Carboxymethylene-piperidine methyl ester was coupled 

with 3-(2,3,4-tri-0-actyl-cc-L- f ucopyranosyl ) -propionic acid 
using procedure 1, followed by chromatography (toluene- 
acetone, 3:1) to give the coupling product in 54% yield; MS: 
[M+H] + 486.3, [M + Na] + 508.5; [o] D -45° (c 1.5, chloroform).' 
10 1 H-NMR (CDC1 3 ) : 5 1.13 and 1.14 (2d, 3H, Me), 2.00, 2.03, 
2.18 (3s, 3x3H, 3 00CCff 3 ) , 3.64 (s, 1H, OMe). 13 C-NMR (CDC1 3 ) : 
5 16.7 (C-6), 21.3, 21.20, 21.19 (3C, 3 OOCCH 3 ) , 21.10 (CH 2 ) , 
29.42 (CH 2 ), 32.03, 32.08 (CH 2 ) , 32 .82 (CH 2 ) , 41.07 (CH 2 ) , 
42.28, 42.33 (CH 2 ) , 45.92, 46.01 (CH 2 ) , 52.04 (OMe). 

15 Deacetylation using procedure 2 gave GM4610 in 60% 

yield, [a] D -56° (c 1.5, methanol). MS: Calcd for C 17 H 29 N0 7 
359.4, Found [M+H] + 360.2, [M+Na] + 382.3; X H-NMR (CD3OD) : 
5 0.70 (m, 2H, CH 2 ) , 0.99 and 1.00 (2d, 3H, Me, J 6.2 Hz), 
1.57 (t, 2H, CH 2 ), 1.72 (m, 2H) , 1.81 (m, 1H) , 2.04 (d, 2H) , 

20 2.22 (t, 2H), 2.42 (m, 1H) , 2.90 (m, 1H) , 3.44 (s, 3H, OMe), 
4.30 (m, 1H) . 13 C-NMR (CD 3 OD) : 5 17.40 (Me), 22.69 (CH 2 ) , 
31.16 and 31.28 (CH 2 ) , 33.22 and 33.29 (CH 2 ) , 33. 98 and 34.03 
(CH 2 ) , 34.86 (CH piperidine ring), 41.90 (CH 2 ) , 43. 60 and 
43.65 (CH 2 ), 47.65 and 47.68 (CH 2 ) , 52.66 (OMe), 69.28 and 

25 69.38 (CH), 70.37 (CH) , 72.73 (CH) , 73.22 and 73.29 (CH) , 
76.39 and 76.44 (CH) , 174.20 and 174.24 (CONH) , 174.98 
(COOMe) . 

Deesterification of GM4 610 by Procedure 4 afforded 
GM4611 in 85% yield, [a] D -70.9° (c 0.5, water). MS: Calcd 

30 for Ci6H 27 N0 7 345.4, Found [M-H]" 344.3; X H-NMR (D 2 0) : S 1.16 
and 1.17 (d, 3H, Me), 1.04-1.26 (m, 2H) , 1.70-2.00 (m, 5H) , 
2.29 (d, 2H), 2.46 (m, 2H), 2.69 (m, 1H) , 3.12 (m, 1H) , 3.74 
(m, 2H), 3.82 (q, 1H, H-5), 3.94 (m, 3H), 4.34 (m, 1H) . 13 C- 
NMR (D 2 0) : 5 15.94 (Me), 20.21 and 20.25 (CH 2 ) , 29.42 and 

35 29.49 (CH 2 ), 31.21 and 31.25 (CH 2 ) , 31.92 (CH 2 ) , 32.67 and 
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32 7 (CH), 40.71 (CH 2 ) , 42.55 and 42.60 (CH 2 ) , 46.54 (CH 2 , , 
67 .33 (CH), 68.03 (CH) , 70.0 (CH) , 71.90 (CH) , 75.50 and 
75.55 (CH) 173.77 (CONH), 177.74 (COOH). 

GM4611 was converted into its sodium salt GM4631 using 
5 Procedure 5. "c-NMR (D 2 0) : 8 15.93 (Me), 20.22 and 20 26 
<CH 2 ), 29. 44 and 29.50 (CH 2 ) , 31.37 and 31.41 ( CH 2 ) , 32.07 
(CH 2) , 33.13 (CH), 42.29 (CH 2 ) , 42. 67 and 42.71 (CH 2 ) , 46 67 
(CH 2 ), 67.33 (CH), 68.04 (CH) , 69.98 (CH) , 71.93 (CH) 75 54 
and 75.59 (CH) 173.82 (CONH), 179.64 (COOH). 
10 GM4725, GM4727 and GM4746 

4-Carboxymethylene-piperidine methyl ester was coupled 
with 3- (2, 3, 4 , 6-tetra-O-actyl-a-D-galctopyranosyl) -propionic 
a " d US±ng Proce *— 1, followed by chromatography to give 
the coupling product 3 in 37% yield, 2 H-NMR (CDC1 3 ) - 5 1 17 
15 m 2H ) 2.01, 2.03, 2.04, 2.07 (4s, 4x3H, 4 OOCCH 3 ) , 4.60 '(m, 
1H). C-NMR (CDCI3): 5 21.18, 21.23, 21.35 (4 OOCCH3) , 21 59 
and 21.62 (CH 2 ) , 29.18 (CH 2 ) , 32.06 and 32.10 (CH 2 ) , 32 Bl 
(CH 2 ), 33.59 (CH), 41.09 (CH 2 ) , 42.32 and 42.35 (CH 2 ) , 45 *91 
and 45.96 (CH 2 ) , 52.10 (OMe) , 62.15 and 62.18 (CH 2 , , 68 \l 
20 (CH), 68.41 (CH), 68.62 (CH) , 72 . 4 6 and 72 . 61 (CH) . 

Deacetylation using procedure 2 gave GM4725 in 88% 
Yield, [<*]„ +34.1° (c 1.7, methanol ) • MS : Calcd for C 17 H 29 N0 8 
375.4, Found [M + H] + 376.1, [M+ Na] + 398.1. X H-NMR (CD3OD) • 8 
C .96 (m, 2H), 1.56 (t, 2H) , 1.70 (m, 2H) , 1. 82 (m, 1H) , 2^08 
25 (d, 2H), 2.2-2.5 (m, 3H) , 2.90 (t, 1H) , 3.46 (s, 3H, OMe) 
3.40-3.80 (m, 8H) , 4.30 (m, 1H) . 13 C-NMR (CD3OD) : 8 22 6 
(CH 2 ), 30.56 and 30.64 (CH 2 ) , 32.78 (CH 2 ) , 33.51 and 33 56 
(CH 2 ), 34 .37 (CH), 41.42 (CH 2 ) , 43.15 (CH 2 ) , 47.20 and 47 23 
(CH 2 ), 52.16 (OMe), 62.42 and 62.47 (CH 2 ) , 70.38 (2 CH) 
30 71.98 (CH), 74.45 (CH), 75.06 (CH) , 173.85 and 173 90 
(CONH), 174.62 (COOMe) . 

peesterification of GM4725 by Procedure 4 afforded 
GM4727 in 89% vield rr»i 0° 1 -. ^ 

y ' [(X]d +39 - 2 (c 1.6, water). MS: Calcd 

for C 16 H 27 N0 8 361.4, Found [M+H] + 362.0, [M+Na] + 384 1- 1 H-NMR 
35 (D 2 0): 8 1.16 (m, 2H) , 1.70-2.00 < m , 5H , , 2.30 (d , 2H) 2 50 
(m, 2H), 2.70 (t, 1H> , 3.12 (t, 1 H ) , 3.54-3.70 ( m , 4H) 3 76 
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(dd, 1H, J 3 ,<=3.4 Hz, a 2 .3-9. 4 HZ ), 3.76 (m, 3H) , 4.34 (m 
1H). 3 C _ NMR (D20); 5 2Q 35 29 iQ (cH2 ^ ^ ^ , 

31.87 (CH 2 ), 32.60 (CH, , 40.48 (CH 2 ) , 42.54 (CH 2 ) , 46 49 
(CH 2 ), 61.36 (CH 2 ), 68 .39 (CH) , 69.26 (CH) , 69.86 (2 CH) 
5 70.74 (CH), 173.76 (CONH) , 177.52 (COOH) . 

GM4727 was converted into its sodium salt GM4746 using 
Procedure 5 . 

GM4726, GM4728 and GM4747 

4-Carboxymethylene-piperidine methyl ester was coupled 
with 3- (2, 3, 4, 6-tetra-O-acetyl-a-D-mannopyranosyl) -propionic 
aCld US±ng Procedure 1, followed by chromatography (toluene- 
acetone, 3:1) to give the coupling product in 33% yield- 1 H- 
NMR (CDCI3) : 5 1.18 (m, 2H) , 2.02, 2.04, 2.05 and 2.07 (4s 
4x3H, 4 OOCCH3), 4.6 (m, 1H) . 13 C-NMR (CDC1 3 ) : 5 21 24 21 28 
15 and 21.45 (OOCCH 3 ) , 24 . 65 and 24.71 (CH 2 ) , 29.1 (CH 2 ) ,' 32.06 
(CH 2 ), 32 .84 (CH 2 ), 33.57 (CH) , 41.07 (CH 2 ) , 42.35 (CH 2 ) , 
45. 92 (CH 2 ), 53.08 (OMe), 62.95 (CH 2 ) . 

Deacetylation using procedure 2 gave GM4726 in 80% 
yield, [a] D +13.1° (c0.9, methanol ). MS: Calcd for 
20 C 17 H 29 N0 8 375.4, Found [M+H] + 376.1, [M+Na] + 398.1. l H -NMR 
(CD3OD): 5 0.96 (m, 2H), 1.58 (m, 3H) , 1.80 (m, 2H) , 2 10 
(d, 2H), 2.24-2.50 (m, 3H) , 2.90 (t, 1H) , 3.26 (m, 1H) , 3 46 
(s, 3H, COOCH3), 3.40-3.60 (m, 5H) , 3.66 (m, 1 H ) , 3.80 (m, 
1H), 4.30 (m, 1H). 13 C-NMR (CD3OD) : 8 25.60 and 25.64 (CH 2 ) 
30.27 (CH 2 ), 32.74 (CH 2 ) , 33.44 and 33.49 (CH 2 ) , 34.33 (CH) ,' 
41-38 (CH 2 ), 43.14 (CH 2 ) , 47.07 (CH 2 ) , 52.17 (OMe) , 62 79 
(CH 2 ), 69.51 (CH), 72.75 (CH) , 72.84 (CH), 76.29 (CH) , 77 42 
and 77.47 (CH) , 173.33 and 173.37 (CONH), 174.57 (COOMe). 

Deesterification of GM4726 by Procedure 4 afforded 
GM4728 in 93% yield, [a ] D + 9.2° (c 1, water). MS: Calcd for 
C 1S H 27 N0 8 361.4, Found [M+H] + 362.0. X H-NMR (D 2 0): 5 1.12 (m, 
2H), 1.72 (m, 3H), 1.98 (m, 2H) , 2.28 (d, 2H) , 2.48 (m, 2H) ' 
2.68 (t, 1H), 3.10 (t, 1H), 3.44 (m, 1H) , 3.54-3.70 (m, 2H) ' 
3.74-3.88 (m, 4H) , 3.94 (m, 1H) , 4 . 32 (m, 1H) . 13 C-NMR (D 2 0) ■ 
35 5 23.86 (CH 2 ) , 26.89 (CH 2 ) , 29.21 (CH 2 ) , 31.2 (CH 2 ) , 31 86 



25 



30 
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(CH 2 ), 32.60 (CH), 40. 49 (C H 2 ) , 42.55 (CH 2 , , 61 43 (CH,) 
67.58 (CH), 71.01 (CH) , 7159 (2 CH) 77 %« 

(CONH), 177.51 (COOH). ? " " ^ ' 1?3 - 4 ° 

GM4728 was converted into its sodium salt GM4747 using 
5 Procedure 5. y 

GM4472, GM4485 and GM4488 

4-Carboxymethylene-piperidine methyl ester was coupled 

w lt h 3 - (2, 3, 4-tri-O-benzyl-a-L-fucopyranosyl) -N-tert- 

butyloxycarbonyl-alanine using procedure 1, followed by 
10 chromatography (toluene-acetone, 6:1) to give the coupling 
product 3 in 50% yield. 1 H-NMR (CDC1 3 ) : 5 1.41 ( s 9H 3 
CJfe), 3.64 (s, 3H, OMe), 5.25 (dd, lH,.H-3). 13 C-NMR '(CDC1 3 ) • 
5 15.14 (C-6), 28.91 (Cine), 52.15 (OMe) . 

, , COUPling P roduc t 3 (0.88 g) shown in Scheme 5 was 

15 hydrogenated in 10% aqueous methanol with 10% palladium on 
charcoal catalyst at atmospheric pressure and room 
temperature. After 2 hours the mixture was filtered through 
Celite, the filtrate was concentrated, and the residue was 

20 ^rr^^ ^ ^ ^ °- 53 9 (94%) ° f GM4472 - Wo 

r^Hl* 7, I T" 3110 ^ ' CalCd ^3 8 N 2 O 10 374 .5, Found 

[M+H] 472.5; H-NMR (CD 3 OD) : 8 l. 20 (m, 2H) , 1.23 and 1.24 
2d 3H, J 6.5 Hz, CH3 Fuc, ) , 1. 42 and 1.43 (2s, 9H, CMe^) , 
1.76 (m, 3H), 2.02 (m, 2H) , 2.30 (dd, 2H) , 2.68 (m, 1H) , 

25 3H V H 1' 3 ' 62 ^ 1H) ' 3 ' 64 (S ' 3H ' ° Me) ' 3.72-3.90 (m, 

Tcnnn \ ^ ' lH) ' 4 " 7 ° (bd ' 1H > ' 13 G-nmr 

(CD3OD) 8 16.08 (Me Fuc), 28.86 (CMe 3 ) , 29.80 and 29 84 

<CH 2 ), 32.61 and 32.79 (CH 2 ) , 33.46 and 33.53 (CH 2 ) , 34 33 
and 34.47 (CH) , 41.30 and 41.47 (C H> , 43.48 and 43.82 (CH) 
46.57 and 47.03 (CH) , 49 36 and 49.58 ( CHNHBOC ) , 52 14 
30 (OMe), 70.37 (CH) , 70 . 57 (CH) , 71.27 (CH) 71.40 (CH) 
72.69 (CH), 80-. 61 and 80.64 (CMe 3 ), 173 .06 and 173.12 (2 
CONH), 174.56 (COOMe). 

Deesterification of GM4472 by Procedure 4 afforded 
GM4485 in 94% yield, [o]d -44.5° ( c !. 2 , water) . MS ^ 
35 for C 71 H, fi N,0, 460.5, Found [M + H]+ 461.2. 1 H-NMR (D 2 0): 8 l.i- 
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1.2 (m, 2H), i.ie and i. 19(2d , 3H , Me Fuc) ^ ^ 3g ^ ± ^ 
(2s, 9H, CMe 3 ), 1.80 (m, 3 H) , 2.04 (m, 2H) , 2.32 <d 2H) 
2-76 (q, 1H), 3.24 < q , 1H , , 3.70 <dd, 1H) , 3.78-4.10 (m,' 
5H), 4.36 (bd, 1H>, 4.62 (bd, 1H) . 13 C-NMR (D 2 0): 5 15.75 (Me 
5 Fuc), 26.17 (CH 2 ), 27.85 and 27.90 { CMs 3 ) f 30.99 and 31 27 
(CH 2 ), 31.85 and 32.01 (CH 2 ) , 32.53 and 32.71 (CH) , 40.38 and 
40.56 (CH 2)/ 42 . 98 and 43.31 (CH 2 ) , 45 . 87 and 46.24 (CH 2 ) 
47.99 and 48.27 ( CHNHBOC) , 67.72 (CH) , 68.04 (CH) , 70 15 
(CH), 71.47 (CH), 72.33 ( CH ) , 81.59 and 81.72 (CMe 3 ), 172*36 
10 (CONH), 177.61 (COOH). 

GM4485 (0.3 g, was stirred in a mixture of 1,4-dioxane 
and trifluoroacetic acid (1:1, 10 mL) at room temperature 
for 6 hours. The mixture was concentrated, the residue was 
purified on C 18 silicagel by gradient elution with water- 

15 methanol mixtures. Eluted first was GM4488 as the 
trifluoroacetic acid salt (O.lg, 32%), followed by unreacted 
GM4485. [a] D -27.8° (c 1.7, water). >H-NMR (D 2 0) : 8 1 14 (d 
3H, Me Fuc), 1.42 (m, 2H) , 1.94 (bd, 2H) , 2.10 (m, 2H) , 2 34 
(d, 2H), 2.44 (m, 1H) , 2.96 (t, 2H) , 3.38 (d, 2H) , 3.74 (m 

20. 2H), 3.92 (m, 2H) , 4.10 (m, 2H) . 13 C-NMR (D 2 0) : 6 15.58 (Me 
Fuc), 25.79 (CH 2 ), 28.06 (CH 2 ) , 30.45 (CH) , 39.97 (CH 2 ) 
43.97 (3 CH 2 ), 67.46 (CH) , 68.16 (CH) , 69.91 (CH) , 71 25 
(CH), 71.79 (CH), 163.3 (CONH), 176.84 (COOH). 

GM44 86 and GM4 4 87 

25 4-Carboxymethylene-piperidine methyl ester was coupled 

with methyl 3, 4-di-0-benzoyl-2-deoxy-2- [ ( 9-f luorenylmethoxy- 
carbonyl) amino] -a-D-glucopyranosiduronic acid using proced- 
ure 1, followed by chromatography (toluene-acetone, 5:1) to 
give the coupling product 3 in 78% yield. [«] D +8.5° (c 1 8 

30 chloroform). MS: Calcd for C 44 H 44 N 20ll 776.8, Found [ M+H ]' + 
777.2. 1 H-NMR (CDC1 3 > : 5 0.9-1.4 (m, 2H) , 1.6-1.9 (m, 2H) 
1.95-2.1 m, 2H), 2.28 (m, 2H) , 2.5-2.7 ( m , 1H) , 3.0-3.2 (m' 
1H), 3.58 and 3.59 (2s, 3H, OMe) , 3.63 and 3.65 (2s 3H ' 
COOMe), 3.98 (m, 1H) , 4.15 (m, 2H) , 4.88 ( m , 1H) , 4.96 (m ' 
35 1H), 5.30 (m, 1H) , 5.54 (m, l H ) , 5.96 (m, 1H) . 13 C -NMR 
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(CDC1 3 ): 5 31. 95 (CH 2 ) , 32.82 and 32.93 ( CH ) « „ 

33.69 (CH), 40.91 and 41.14 (CH 2 ) 43 L T ' ^ 

. ^ v^rt 2 ; / 43.26 and 43 /ru ^ 

46.10 and 46.43 (CH 2 ) , 47 52 (CH) ^ „ 2 ' 

»«.« <o Me ,, - 57 . 63 ic^: , ; 7 5 5 i4 ( a c :, 52 -:: 2 ( ri:; 

°°^ J (<-H) , 70.24 and 70.63 rrm 71 Q c 

-.^ J lew; , /1.95 and 19 no i ru \ 

100.22 and 100.40 (C-l). (CH) ' 



Simultaneous removal of the n-Kon, 1 

protecting groups by Procedure 3 ""^ 

^ , y procedure 3 gave GM4486 « w~ 

hydrochloride salt in 66% yield, fa ] D +82 6° (c , 

4U ^ J (CH 2 ) , 43.19 and 43 31 /p H \ / * „ c , 

^ H 2) / 46. 45 and 46 74 /nu \ 

52.32 (COOtfe,, 53.86 ,OMe, , 56.3, and 56. ,7 ,C-2, 67 20 ^ 

20 67 33 /ph\ <rn An , ^ b7 -20 and 

d/.jj (CH) , 69.47 and 69 53 (ru\ -m 

r,-, ~ ,OJ (cH) , 71.39 and 71 47 /rw\ 

";?:/r M 7 e) 35 <c - i) - - — ««>. - 

Deesterification of GM4486 hv 
GM44R7 ^ *»m44«6 by Procedure 4 afforded 

GM4487 m quantitative yield. r a i, + 83 50 , . 
9^ 1 ^ iajD +aj -5 (c 1, water). Ms • 

1-20 (n, 2H), a.80 (m, 2H) , 2.00 (m, 1H) , 2.10 (d 1H, , n 

1H>, 2.80 !„,, 3 .le !„,, 3.37 <dd, 1H « , " 

and 10.6 Hz, H-2), 3.46 ,2s. 3H. 0„e, . 3.70 2t 1H ^9 4 

Hz, 3.90 ,t, 1„, «. 8 Hz , H . a)r 410 ^ 

30 <». 1H>, 4.72 ,2d, 1H, ^9.7 „ 2 , ff _ 5) , 5 . 05 ' ' ' ! 3 " 

32-72 ( CH 2) . 33.52 and 33.73 ,c„ 2 , . 43.53 

44.34 (CH,,, 46.77 and 47.09 ,CH 2 , , 53.94 ,OM e) 56 al and 

56 49 (r-0\ an on ^ 1 e ' ' -Jo.jO and 

~»o.ia [<~-Z) , bl .21 and 67.41 /phi cq c-7 , „ 

- ,_ , ■^ J - (CH) , 69.57 and 69.64 (CH) 

35 71.56 (CH), 97.31 and 97.43/C--M 1 c-i c Q , 

(COOH). 167.59 (CONH), 181.50 
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Example 6 



SyntheSiS 2f N- Acyl-trans-4-(Aininometh vl)Cvcloh. y ,n, 

Carboxylic ( Transexamic ) Acid Derivatives on Solid Pha.s P 

General Procedure: Wang Resin was used as the solid 
5 support in these reactions (Advanced ChemTech, 1% cross 
linked, 200-400 mesh size,. 0.97mmol/g loading level). The 
coupling of Wang resin and trans-4 -NHFmoc-methylcyclohexane 
carboxylic acid was done in a round bottom flask. All of the 
parallel reactions and washings were done in a 

10 polypropylene cartridge (12ml) with a frit at the bottom 
and a two-way valve beneath the frit. Solvents may be forced 
through with a syringe plunger at the top, and reaction 
mixtures may be gently stirred by putting a small magnetic 
stirring bar inside the cartridge. 

15 Ste P x - Bonding the Core Structure to Wang Resin 

The resin from Advanced ChemTech was washed with 
DMF(lOx), MeOH(lOx), THF(lOx) and CH 2 Cl 2 (10x) and dried via 
vacuum completely before use. Trans-4-NHFmoc-methylcyclo- 
hexane carboxylic acid (3.07g, S.lmmol) was dissolved in 
20 anhydrous DMF (10ml) and CH 2 C1 2 (20ml) mixture. After the 
acid dissolved completely, DIC (2.5ml, 16.2mmol) was added. 
The mixture was stirred at room temperature for 15-30 
minutes. The resin (3.0g, 2.7mmol) was weighed in a 100ml 
round bottom flask. The acid-DIC mixture was added to the 
25 resin through a syringe under nitrogen. DMAP (O.lg, 

0.81mmol) was dissolved in DMF (2ml) and CH 2 C1 2 (4ml) and the 
solution was added to the above flask. The reaction mixture 
was stirred gently at room temperature under nitrogen 
overnight. The reaction mixture was then sonicated for 30 
30 minutes, transfered into a glass funnel with a frit and was 
washed with DMF(8x), MeOH(8x) and CH 2 Cl 2 (8x). The bonded 
resin was dried on vacuum for 4 hours to give product: 3.8g. 
Fmoc quantitation was performed with the dried resin 
support: 0.58mmol/g. 
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Step 2. Fmoc deprotection 

To a cartridge which contained the support bond, trans- 
4-NHFmoc-methylcyclohexane carboxylic (0.25g, loading level: 
0.53mmol/g) was added to 20% piperidine in DMF (6ml) The 
5 slurry stayed at room temperature for one minute, and the 
solvent was released through the open valve at the bottom 
Another portion of 20% piperidine in DMF (6ml) was added 
again to the resin and it stayed at room temperature for 20 

10 ^TT bSf0re S ° 1Vent released - The resin then was 

10 washed with DMF (5x) , and CH 2 C1 2 (5x) . The cartridge was 

Placed in a decicator and was dried via vacuum for two 
hours. Then it was used for the coupling reaction. 

Step 3. C oupling with acids 

Eight couplings were done in parallel with the 

lo following acids: 

1. 3Ac- C-2 fucose acid, 

2. 3Ac -Ol fucose acid, 

3. 4Ac- C-2 Mannose Acid, 

4. 3Ac- C-2 Arabinose Acid, 
20 5 * 3Ac-Mannose uronic acid, 

6. 3Bz-l-N3-uronic acid, 

7. 2NHFmoc- 2Bz Uronic Acid, 

8. 3-NHFmoc Salicylic Acid 

Amounts used for the coupling reactions (to the molar 
25 amount of support-bond bond 4-aminomethyl carboxylic acid) 
were as follows: each acid, 3 fold excess; HOAT: 4 5 fold 
excess; DIG: 6 fold excess. The coupling reactions were 
performed according to the following general procedures. To 
a solution of the acid and HOAT in DMF (6ml) was added DIG 
30 (as calculated above). The mixture was stirred at room 
temperature for 0.5-1 hour and was then transfered through a 
syringe to the cartridge containing the Fmoc cleaved 
support. A small stirring bar was placed inside the 
cartridge and the slurry was stirred gently afc ^ 
35 temperature for 48 hours. Then a small trace of the resin 
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was packed up from the reaction mixture to do a Kaiser test 
If the test result was negative, the reaction was complete 
and the solution of the mixture was released. The resin was 
washed with DMF(8x), MeOH(8x), and CH 2 cl 2 ,8x). The resin was 
5 dried over a water aspirator pump for 15 minutes and it was 
ready for the TFA cleavage. 

Step 4. TFA c leavage from the resin 

A mixture solvent of TFA:CH 2 C1 2 1:1 (v/v) (6ml) was 
added to the cartridge containing the resin. The resin 
turned purple a few seconds after the TFA:CH 2 C1 2 mixture was 
added. The slurry was left standing at room temperature for 
30 mmutes. Then the solution was released and was collected 
xn a glass tube. The resin was washed with CH 2 C1 2 (2mlx2) and 
the washing solution was also collected in the same tube In 
15 order to get all the product from the resin, the cleavage 
was repeated for the second time. TLC showed that the 
cleavage was almost complete in the first cleavage. There 
was only a small trace of compound was found in the second 
time cleavage. The solution from first and second time 
20 cleavage and washings were combined and concentrated. The 
residue was ready for the deprotection . 

Step 5. Deprotection 

The residue from the previous step was dissolved in 
MeOH (loml). NaOMe (0.5M in MeOH) was added to adjust the 

25 P H in the range of 8-9. The deprotection was monitored by 
TLC was determined to be complete after 4-5 hours The 
reaction mixture was neutralized with H+ resin and the ion 
exchanged resin was filtered off immedietely. The filtrate 
was concentrated and the residue was purified on a small C 18 

30 column with water or 5-20% MeOH in water as eluting 
solvents. The product fractions were collected and 
lyophilyzed to give the final product. 

The following eight products shown in Table L were 
synthesized according to these procedures: 
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GM 4561: 77.9mg, X H-NMR (DMSO-d6-D 2 0 5:1, 60 oC) 5 0 88 
(m, 2H, CH 2 cylohexyyl), 1.04 (d, 3H, CH 3 Fuc) , 1.23 (dddd 2H 
CH 2 cyclohexyl), 1.28 (m, 1Hf C H cyclohexyl) , 1 . 69 (m# ' 2H ' 
CH 2 cyclohexyl), 1.84 ( m , 2H, CH 2 cyclohexyl) , 2.08 ( m , 1H 
5 CHcyclohexyl), 2.25 (dd, 1H) , 2.80 ( m , 1H , , 2.98 (m, 1H) ' 
3.44 (m, 2H), 3.52 < m , 1H , , 3 . 68 (dd , 1H , J=5 « ^ ^ 
<i», 1H), 4.16 (ddd, 1H, H-l). "c-nmr (DMSO-d6-D 2 0 5-2 * 60 
OC) 5 16.02 (CHbFuc), 28.38, 29.22 (CH 2 cyclohexyl ) , 37 ' 06 

10 67 2 '7 9 ! ( 7 C n HC 9 y f° heXyl) ' 38 ' 73 «CH 2 F«c) f 45.04 (CH 2 NH) , 67:55,' 
10 67.74, 70.26, 71.29 (C-2,3,4,5,, 72.95 (C-l), l 72 . 8 9 (CONH) 
MS: 346.1 (M+l)+, 384.3 (M+Na ) + . 

GM 4562: 64.1mg, X H-NMR (DMSO-d6-D 2 0 6:1, 60 oC) 5 0 86 
<m, 2H, CH 2 cyclohexyl), 1.14 (d, 3H, CH 3 Fuc) , 1.23 (dddd, 2H 
CH 2 cyclohexyl), 1.32 ( m , 1H/ CHcyclohexyl ) , 1.68 (bdd, 2H 
15 CH 2 cyclohexyl,, 1.85 (bdd, 2H, CH 2 cyclohexyl ) , 2.08 ( m 1H 
CHcyclohexyl), 2.88 (d, 2H) , 2.94 (t, 1H, CHcyclohexyl); 
3.67 (m, 1H, partially covered by HOD), 3.82 (dd, 1H) , 3 96 
(m. 1H), 4.16 (d, 1H, Jl,2-4.2 Hz H-l). 13 C-NMR (DMSO-d6-D 2 0 
6:1 60 OC) 5 15.38 (CH 3 Fuc, , 28.77, 29.80 (CH 2 cyclohexyl) , 
20 37.31, 43.19 (CHcyclohexyl), 45.19 (CH 2 NH) , 68.62, 69 18 
71.41, 71.66, 71.75 (C-l , 2 , 3 , 4 , 5 ) , 171.32 (CONH), 177.81 
(COOH). MS: 332.1 (M+H)+, 354 (M+Na) +. 

GM 4563: 150. 8mg, 1 H-NMR (DMSO-d6, 60 °C) 5 0.87 ( m 
2H, CH 2 cyclohexyl), 1.22 (dddd, 2H, CH 2 cyclohexyl ) , 1.32 <m' 
25 1H, CHcyclohexyl), 1.65 (bd, 2H, CH 2 cyclohexyl ) , 1.84 (bdd' 
2H, CH 2 cyclohexyl), 2.08 ( m , l H , CHcyclohexyl), 4.05 (m, l H/ ' 
H-l). C-NMR (DMSO-d6, 60 °C) 5 29.03, 30.00 37 23 

(CH 2 cyclohexyl), 37.57, 43.41 (CHcyclohexyl), 40 08 
(CH 2 Mannose), 45.52 (CH 2 NH) , 61.32 (C-6) , 68.66, 70 67 
71.48, 73.08 (C-2,3,4,5), 76.49 (C-l), 171.56 (CONH), 178 13 
(COOH). MS: 362.2(M+H)+, 384.2 (M+Na ) + . 

GM 4564 : 95.8mg, [ ] D= -19.55 (c= 1.10, DMSO) , 1 H-NMR 
(DMSO-d6-D 2 0 6:1, 60 »C, 5 0.88 (dddd, 2H, CH 2 cyclohexyl ) 
1.24 (dddd, 2H, CH 2 cyclohexyl), 1.34 (m, l H , CHcyclohexyl)' 
1.69 (bdd, 2H, CH 2 cyclohexyl), 1. 85 (bd, 2H, CH 2 cyclohexyl ) ' 
2-10 (m, 1H, CHcyclohexyl), 2 .16 (dd, l H ) , 2.89 (d, 2 H) ' 



30 



35 
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3.30 (m, 3H), 3.45 (m, 1 H ) , 3.67 (m, 3H partially covered) 
13 C-NMR (DMS0-d6-D 2 O 6:1, 60 °C) 6 28.90, 29.83 
(CH 2 cyclohexyl), 37.49, 43.24 (CHcyclohexyl) ,' 40.00 
(CH 2 sugar), 45.34 (CH 2 NH) , 70.37 (C-5), 69.43, 71.14, 74.32 
(C-2,3, 4), 77.93 (C-l), 171.78 (CONH) , 177.83 (COOH)'. MS: 
332.1(M+H)+, 354.1(M+Na)+. 

GM 4565: 122. 7mg, [ ] D = +34.56 (c=0.90, DMSO) , 1 H-NMR 
(DMSO-d6-D 2 0 6:1, 60 °C) 6 0.88 (dddd, 2H, CH 2 cyclohexyl ) , 
1.22 (dddd, 2H, CH 2 cyclohexyl) , 1.38 (m, 1H, CHcyclohexyl), 
1.68 (bdd, 2H, CH 2 cyclohexyl) , 1.84 (bdd, 2H, CH 2 cyclohexyl ) , 
2.08 (m, 1H, CHcyclohexyl), 2.94 (dd, 2H, CH 2 NH) , 3.26 (s,' 
3H, OCH3), 3.48 (dd, 1H), 3.63 (t, 1H) , 3.68 (t, 1H) , 3.78 
(H-5 covered by HOD), 4.58 (d, 1H, Jl, 2=1.7 Hz H-l) . 13 C-NMR 
(DMSO-d6-D 2 0 6:1, 60 C) 6 28.84, 29.75 (CH 2 cyclohexyl ) , 
15 37.19, 43.50 (CHcyclohexyl), 45.00 (CH 2 NH) , 55.23 (OCH 3 ) , 
68.80, 70.24, 70.89, 72.86 (C-2,3,4, 5), 101.95 (C-l), 170.50 
(CONH), 178.24 (COOH). MS: 348.1(M+H)+, 370.1 (M+Na ) + . 

GM 4566: 62 mg, X H-NMR (DMSO-d6, 60 °C) 5 0.88 (bdd, 
2H, CH 2 cyclohexyl) , 1.22 (dddd, 2H, CH 2 cyclohexyl ) , 1.36 (m, 
20 1H, CHcyclohexyl), 1.68 (bdd, 2H, CH 2 cyclohexyl ) , 1.84 (bd, 
2H, CH 2 cyclohexyl) , 2.08 (m, 1H, CHcyclohexyl), 2.94 (2d, 2H, 
CH 2 NH), 3.06 (t, 1H, J2, 3=8.8 Hz H-2), 3.25 (t, 1H, J3, 4=8.8 
Hz H-3), 3.37 (t, 1H, H-4), 3.70 (d, 1H, J4,5=9.7 Hz, H-5), 
5.52 (d, 1H, Jl,2=8.6 Hz H-l). 13 C-NMR (DMSO-d6, 60 °C) 6 
25 28.64, 29.58 (CH 2 cyclohexyl ) , 37.07, 43.15 (CHcyclohexyl), 
44 .83 (CH 2 NH) , 71.17, 73.12, 76.30, 77.54 (C-2,3,4, 5), 90.43 
(C-l), 177.53 (COOH). MS: 359.6(M+H)+, 381.2 (M+Na)+. 

GM 4567: 48.8mg, [ ] D = +23.24 (c=3.12, DMSO), X H-NMR 
(DMSO-d6-D 2 0 6:1, 60 °C) 5 0.87 ( m , 2 H, CH 2 cyclohexyl ) , 1.23 
30 (m, 2H, CH 2 cyclohexyl) , 1.41 (m, 1H, CHcyclohexyl), 1.74 (bd, 
2H, CH 2 cyclohexyl) , 1.88 (bd, 2H, CH 2 cyclohexyl) , 2.12 (m, 
1H, CHcyclohexyl), 3.00 (bd, 3H) , 3.36 (s, 3H, OCH 3 )., 3.46 
(t, 1H), 3.60 (t, 1H), 4.88 ( d , 1H, H-l),). 13 C-NMR 
(DMSO-d6-D 2 0 6:1, 60 ° C ) 5 28.58, 29.51 (CH 2 cyclohexyl ) , 
35 36.94, 43.06 (CHcyclohexyl), 44.88 (CH 2 NH) , 54.09, 55.64 
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(OCH 3 , C-2 respectively), 70.78, 71.63, 72.06 (C-3 4 5) 97 6 i 
(C-l). MS: 347.1( M+ H) + , 369.2(M + Na) + 

GM 4568: 84 mg, 1 H-NMR (DMSO-d6, 60 °C) 5 0.88 (dddd, 
CH 2 cyclohexyl), !. 2 4 (dddd, 2H, CH 2 cyclohexyl ) , 1 46 (m 
CHcyclohexyl), 1.72 (bd, 2H, CH 2 cyclohexyl) , 1 90 (bd ' 
2H, CH 2 cyclohexyl), 2.51 (m , 1H, CHcyclohexyl), 6.6 2 '(d 1 H ' 
Ph), 6.72 (d, 1H, J=2 . 6 Hz Ph), 7.06 (d, 1h/ J=2 7 Hz Ph) ' 
8.43 (bs, 1H, COOH). 13 C-NMR (DMSO-d6, 60 »C) 5 28 69 29 4 
(CHcyclohexyl), 37.34, 43.00 (CHcyclohexyl), 45.22 (CH 2 NH) 
133.08, 117.81, 121 .06 (P h ), 116 . 48 ( Cq , Ph) , 169.00 (CONH ' 
176.83 (COOH). MS: 291.3(M-H)-, 293.3(M +H)+ ># 



Example 7 



4-carbo xy-pj.perdine derivatie<? a 

7. acies and 4 -carboxv msi-hvl P nn 

piperdine derivatives * Y 

15 The following compounds shown in Tables J and K were 

synthesized using the same solid phase synthesis protocols 
described in Example 6: 

N -*=yl piperidine-4-carh n xvlic artrt H erivatlv „ . 

20 the JT f ^ SPeC " a ° f Si9nalS d ° Ub1 ^ *» to 

20 the deferent conformational stages. „ hen the temperature is 

mlZlT. " 70 ° nlY COnf ° rmer SXiSCS <SeS 1 H-NMR of 

GM 4406: 76 „g, 1 H-NMR ,0,0, 5 1.22 ,2d, 6H 2x 
CH3FUC 1.60 (B . 4H, 2* CH 2 isonip, , 1.88 ,m, 4H,' 2* 

25 CH^sonrp,, 2 . 24 (m , covered by acetQn CIf2isonip) 2 _ 

2H, 2x CHisonrp), 2.85 (m, 2H, 2x CH 2 isonip, , 3.24 (m, 2H 2x 
CH 2 rsonip,, 3. 92 ( m. 4H, , 4.25 ,m, 2H, , 4.92 «2H, partial^ 
covered by HOD H-l) . "c-NMR ,d 2 o, 5 16 . 07 , 16 . 26 / 
PUO. 27.63, 28.11, 41.58, 46.23 (2x CH 2 isonip, . 40 64 ^ 

30 CHisonip,, 70.35, 70.40, 71.57, 71.62, 71.69, 71.72 71 5 
71.90 ,C-1,2,3,4,5,, 168.28, 168.93 (2 x CONH,, l 79 ' 50 " 
179.60 «2X COOH,. Ms : Calcd for C 13 H 2lNO , : 303 .00. ^ 
304.0 TM+H1+, 326.2 [M+Na]+. 
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GM 4407: 92 mg, X H-NMR (D 2 0) 5 1.62 (m, 4H, 2x 
CH 2 isonip) , 2.20 (m, 4H, 2x CH 2 isonip) , 2.70 (m, 2H, 2x 
CHisonip) , 2.94 (m, 2H, 2x CH 2 isonip) , 3.30 (m, 2H, 2x 
CH 2 isonip), 3.42 (2s, 6H, 2x OCH 3 ) , 3.82 (2dd, 2H), 3.94' (m, 
5 4H), 4.11 (m, 2H, 2x CH 2 isonip) , 4.34 (m, 2H, 2x CH 2 isonip) , 
4.58 (dd, 2H), 4.79 (2d, 2H, partially covered by HOD, H-l). 
13 C-NMR (D 2 0) 5 27.71, 27.75, 28.56, 28.77, 42.52, 42.63, 
45.85, 46.04 (2x CH 2 isonip) , 40.73, 40.81 (2x CHisonip) , 
55.89, 56.02 (2x OCH 3 ) , 68.18, 68.31, 70.07, 70.26, 70.30 (2x 
10 C-2,3,4,5), 102.32, 102.42 (2x C-l), 168.42, 168.63 (2x 
CONH), 179. 46, 179.59 (2x COOH). MS: Calcd for C 13 H 21 NO e : 
319.1. Found: 320.1 [M+H]+, 342.0 [M+Na]+. 

GM 4408: 87 mg, 1 H-NMR (D 2 0) 6 1.15, 1.18 (2d, 2x 3H, 
2x CH 3 Fuc) , 1.60 (m, 4H, 2x CH 2 isonip) , 2.00 (m, 4H, 2x 
15 CH 2 isonip), 2.70 (m, 2H, 2x CHisonip), 2.84 (m, 6H, 
3x CH 2 isonip), 3.27 (m, 2H, 2x CH 2 isonip) , 3.77 (m, 4H) , 3.98 
(m, 6H include CH 2 ) , 4.32 (m, 2H, 2x Hsceleton) , 4.43 (m, 2H, 
2x Hsceleton) . 13 C-NMR (D 2 0, 70 °C) 6 1.18 (d, 3H, CH 3 Fuc) , 
1.61 (bm, 2H, CH 2 isonip) , 2.00 (bm, 2H, CH 2 isonip) , 2.71 (m, 
20 1H, CHisonip), 2.84 (m, 3H, CH 2 isonip) , 3.28 (m, 1H, 
CH 2 isonip), 3.77 (dd, 1H, J=3 . 4 Hz H-3 or H-4), 3.82 (dd, 1H, 
H-3 or H-4), 3.95 (dd, 1H, J=6.0 Hz H-5) , 3.95 (m, 1H, CH 2 ) , 
4.02 (dd, 1H, J=5.8 Hz H- 2 ), 4.32 (m, 1H, CH2), 4.45 (dddd, 
1H, Jl,2=5.3 Hz, J1,CH 2 =10.3 Hz H-l). 13 C-NMR (D 2 0) 5 15.84, 
25 15.93 (2x CH 3 Fuc), 27.64, 27.82, 28.46, 28.55, 29.21, 29.36, 
42.00, 46.02 (CH 2 isonip), 40.46 (CHisonip), 67.58, 67.62, 
68.47, 68.52, 70.04, 70.06, 71.73, 73.58, 73.67 (C- 
1,2,3,4,5), 171.92 (CONH) , 179.56 (COOH). MS: Calcd for 
Ci 4 H 23 N0 7 : 317.1. Found: 318.0 [M+H]+, 340.0 [M+Na] + . 
30 GM 4434 : 76 mg, X H-NMR (D 2 0) 6 1.64 (m, 4H, 2x 

CH 2 isonip) , 2.03 (m, 4H, 2x CH 2 isonip) , 2.74 (m, 2H, 2x 
CHisonip), 2.97 (m, 2H, 2x CH 2 isonip) , 3.27 (m, 2H, 2x 
CH 2 isonip) , 3.31, 3.32 (2t, 2H, J2, 3=9.0 Hz, 2x H-2), 3.60 
(t, 2H, J3, 4=9.2 Hz H-3), 3.69, 3.72 (2t, 2H, J=4, 5=10.0 Hz 
35 H-4), 4.54, 4.56 (2d, 2H, H-5), 4.88, 4.90 (2d, 2H, Jl,2=8.8 
Hz H-l). 13 C-NMR (D 2 0) 5 27.64, 27.70, 28.51, 28 .78, 42.37, 
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42.46, 45.68, 45.90 (CH 2 isonip) , 40.54, 40.67 (CHisonip) , 
71.13, 72.69, 72.81, 72.95, 75.41, 75.48 (C-2,3,4,5), 90 47 
90.52 (C-l), 167.14, 167.43 (CONH) , 179.25, 179.35 (COOH) 
MS: Calcd for C 12 H 18 N 4 0 7 : 330.2. Found: 331 0 

5 [M+H]+, 353.0 [M+Na]+. 

^ N-Acyl 4-carboxymeth vl-piperidine derivative, • 

GM 4435: 97 mg, 1 H-NMR (D 2 0) 5 1.19 (2d, 6H, 2x 
CH 3 Fuc), 1.18 (m, 4H, 2x CH 2 Carb . isonip covered by CH 3 ) , 1.82 
(m, 4H, 2x CH 2 Carb. isonip), 2.04 (m, 2H, 2x CHCarb . isonip) 
10 2.72 (m, 2H), 3.09, 3.22 (2t, 2H rspectively) , 3.78 (d, 2H) ,' 
3.84 (dd, 2H), 3.93 (m, 2H) , 4.06 (m, 2H) , 4.25 (m, 2H) 
4.37 (bd, 2H), 4.88, 4 .92 (2d, 2H) . 13 C-NMR (D 2 0) 6 15 05 
16.27 (CH3FUC), 31. 14, 31.53, 31.93, 32.46, 40.44, 40.65,' 
42.35, 42.69, 46.37, 46.74 (CH 2 Carb . isonip) , 32.75 
15 (CHCarb. isonip), 67.91, 68.06 70.37, 70.42, 71.51, 71.61, 
71.68, 71.91 (c-1, 2, 3, 4, 5), 168 .70 (CONH) 177 . 69 ' (COOH)'. 
MS: Calcd for C 14 H 23 N0 7 : 317.1. Found: 317.0 [M]+, 

340.0 [M+Na]+. 

GM 4436: 83 mg, 1 H-NMR (D 2 0) 5 1.12, 1.14 (2d, 6H, 2x 
20 CH3FUC), 1.20 (m, 4H, CH 2 Carb . isonip) , 1.79 ( m , 4H, 2x 
CH 2 Carb. isonip), 2.02 (m, 2H, 2x CHCarb. isonip) , 2.74 (m, 4H, 
2x CH 2 Carb. isonip), 2.86 (m, 2H) , 3.16 (m, 2H) , 3.74 (m, 4H) ,' 
3.95 (m, 6H), 4.38 (m, 4H) . 13 C-NMR (D 2 0) 5 15.83, 15.97 (2x 
CH 3 Fuc), 29.13, 29.43, 31.13, 31.32, 40.82, 40.89, 42.80, 

25 46.71, 46.83 (CH 2 Carb . isonip) , 32.05, 32.16 (CH 2 Fuc) , 32.70, 
32.74 (CHCarb. isonip) , 67.56, 67.63, 68.43, 68.50, 70. 03' 
71.74, 73.66, 73.72 (C-1,2,3,4,5), 171.74, 171.78 (CONH) ' 
178.06, 178.12 (COOH). MS: Calcd for C 15 H 25 N0 7 : 331.6. 
Found: 332.0 [M+H]+, 354.0 [M+Na]+. 

30 GM 4464: 87 mg, J H-NMR (D 2 0) 5 1.22 ( m , 4H, 2x 

CH 2 Carb. isonip), 1.82 ( m , 4H, 2x CH2Carb . isonip) , 20.5 (m, 
2H, 2x CHCarb. isonip) , 2 .72 (m, 6H, 3x CH 2 Carb. isonip),' 
2.95, 3.00 (2d, 2H), 3.18 (m, 2H, CH 2 Carb . isonip) , 3. 56 (m, 
2H), 3.67 (t, 2H), 3.72 (t, 2H), 3.78 (m, 4H) , 3.84 (m 4H) ' 

35 3.92 (2d, 2H), 3.99 (m, 2H) , 4.38 ( m , 2H) . 13 C-NMR (D 2 0) o 
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31.14, 31.20, 31.96, 32.51, 32.52, 40.38, 40.42, 42.72, 
46.54, 46.59 (2x CH 2 Carb . isonip) , 32.67 (2x CHCarb . isonip) ,' 
34.72 (CH 2 mannose) , 61.21 (C-6) , 67.45, 70.77, 71.16, 75.06, 
75.26 (2x0-1,2,3,4,5), 170.57 (CONH) . 



5 Example 8 



10 



15 



20 



Library Synthesis on ACT MPS 4 69 

The following are protocols for the synthesis of three 
cores bonding to Wang resin and the analytical results of 
the compounds synthesized from the automation libraries. 
The following three cores were synthesized using the method 
of Example 6 : 

1. Wang resin bond N-Fmoc-L-thiazolidine-4-carboxylic 

acid : 

Loading level: 0.58mmol/g 

2. Wang resin bond N-Fmoc-4-aminobutyric acid: 
Loading level: 0.48mmol/g 

3. Wang resin bond 2-Fmoc-tetrahydroisoquinoline-3- 
carboxylic acid: 

Loading leval: 0.52mmol/g 
Analytical Results: 

1. N-Acyl-L-thiazolidine-4-carboxylic acid deriva- 
tives are shown in Table 0: 





GM4783 


: 40 


.4 mg . 










GM4784 


: 85 


mg, 


MS 


: 322.2 (M+H)+, 


344 


.2 (M+Na) +. 


25 


GM4785 


: 80 


mg, 


MS 


: 336.3 (M+H)+, 


358 


.2 (M+Na) +. 




GM4786 


: 89 


mg, 


MS 


: 338.4 (M+H)+, 


360 


.2 (M+Na) +. 




GM4787 : 


70 


mg, 


MS 


352 .2 (M+H) +, 


374 


. 3 (M+Na) + . 




GM4788 : 


66 


mg, 


MS : 


338 .1 (M+H)+, 


360 


-2 (M+Na) + . 




GM4789: 


73 


mg, 


MS : 


352 .1 (M+H) +, 


374 


. 1 (M+Na) + . 


30 


GM4790 : 


52 


mg, 


MS : 


254 .3 (M+H) +. 








2 . N- 


■Acyl 


tetrahydroisoquinoline 


carboxylic 




derivatives 


are . 


shown in Table M: 








GM4791 : 


27 


mg, 


MS : 


Calcd for Ci 7 H 2 iN0 7 : 351.1. 



350.3 TM-H1-, 374.3 [M+Na]+. 
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GM4792 
GM4 7 93 
GM4194 
GM4795 
GM4796 
GM4 7 97 



Found 



Found 



82 mg, MS : 366.4(M + H) + , 388.4( M+ Na) + 

67 mg, MS: 380.1 (M+H) + , 402.1( M+ Na) + 
H2 mg, MS: 382.4(M +H)+ , 404.4(M + Na) + 

93 mg, MS: 396.2 (M + H) + , 418.4(M + Na) + 

94 mg, MS: 382.4 ( M+ H) + , 4 04.3 (M+Na ) + . 
117 mg, MS: Calcd for C 19 H 25 NO«- 39s o 

394.3 CM-H]-, 418.3 [M+ Na ]+ , 396.3 [M+H]+ " ^ 

296.2 [M-H]-, 370.2 [M+Na]+. 

10 3 - N -Acyl p-alanine derivatives ar<=> c= h 

3.1 Dipeptides: are shown in Table I : 

GM4741: 47 mg , 1 H-NMR ( DMSO- d6 -D 2 0, 5 2 52 ft ,n 
3-48 (t, 2H), 6.86 (dd, 1 H Ph ) 11* <L, 

J-±y.^l, 128.39, 134.05 (Ph) i sq m 
Ph), 168.72 (CONH), 173.26 (COOH) . „ S . Ca r H f / ^ 
209.7. Found: 208 . 3 (M-H) - . ^alcd for C 10 H llNO ,: 

GM4742: 58 mg, ^-NMR ( DMS0-d6-D 2 O) 5 2.42 (t 2H) 
3-02 (t, J2, 3=8.8 hz H-2), 3 20 ft 1H Ton ' 

20 1H, J4,5=9.7 HZ H-5) 4 51 (d lH . ' * ' 

o), 4. SI (d, 1H, Jl,2=8.8 Hz H-l) Mm 

DM SO- d5 - D2 o, S 33.85, 34.88 , 2x C H 2 , , 71 . 12 , 73 9 ^ 

".52 (C-2,3,4,5), 90.56 ,C-1,, I73 . 13 (COOH . £ 7 «^' 
for C,H 1)N) o,= 290 .o. Found: 289 . 2 

™4743: 6! n,g, l„. NMR (DMS0 _ d6 , 5 (d ' ' ' , 

3 2 2 5 ,' d V H ' CB "- 2 - 38 (t - 2 «- 2 - « ; d " 3F C U „I ' 

« T UC1 ' ,dd ' 1H) ' 3 - 51 1»> 3 64 (dd' 

CH 2ruc) , 67 . 62, 6 7 . 78 . 70 .50. 70 .74, 11 ,2 'c-l 2 T\ T 

30 171 .08 ,C0» H) . ,73.02 <COO„,. MS: Ca^d ^ ^ ! 

277.1. Found: 276 . 2 ^ (M+TFfl+Na) 1 » N °" 

GM4744: 64 „, g , Ifi - NMR , DMSO _ d6 , 5 

2-35 (t, 2H, CH 2 ), 2 .46 (dd, 1 H CH,I 3 „ , , *' ' 

J - Jb (dddd, 1H, H-5) 4 u in a - L // 

59 80 ,r- a \ c J «-H, 34.96 ( 2x CIi2 and CH 2 Gal), 

5^.80 ,c-6). 67.82, 68.56, 70.64, , 0 . 8 8, 73.50 ,cl 



35 
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30 



35 



Found 



Found 



1,2,3,4,5), 171.45 (CONH) , 173.25 (COOH) . MS: Calcd for 
CnHi 9 N0 8 : 293.1. Found: MS 292.3 (M-H ) - , 4 06 . 3 (M+TFA) - . 

GM4745: 71 mg, 1 H NMR (D 2 0) 6 2.48 (dd, Ja,e=4.89 Hz, 
J=14.9 Hz CH 2 ), 2.58 (t, 2H, CH 2 ) , 2.74 (dd, 1H, CH 2 ) , 3.44 
5 (t, 2H), 3.53 (m, 1H) , 3.65 (t, 1H) , 3.74 (t, dd, 2H, H-3), 
3.86 (dd, 1H, J2,3=3.3 Hz H-2) , 4.30 (dddd, 1H, Jl, 2=2.1 Hz 
H-l). 13 C-NMR (D 2 0) 5 33.70, 35.44, 35.57 (2x CH 2 and 
CH 2 Man), 61.14 (C-6) , 67.30, 70.78, 71.03, 74.72, 75.36 (C- 
1,2,3,4,5), 172.87 (CONH), 176.37 (COOH). MS: Calcd for 
10 CnH 19 N0 8 : 293.1. Found: MS 292.3 (M-H) - , 406.3 (M+TFA) - . 
3.2 Tripeptide: 

GM4869: 48 mg, MS: Calcd for Ci 2 H 2 oN 2 0 9 : 336.1 

335.2 [M-H]-, 359.1 [M+Na]+. 
GM4870: 93 mg, MS: Calcd for C 13 H 22 N 2 08: 334 .1 

15 333.2 [M-H]-, 357.2 [M+Na]+. 

GM4871: 92 mg, MS: Calcd for C 14 H 24 N 2 0 8 : 
347.4 [M-H]-, 371.4 [M+Na]+. 

GM 4 872: 71 mg, MS: Calcd for C 13 H 22 N 2 0 9 : 
349.4 [M-H] - , 373.3 [M+Na]+. 
20 GM4873: 62 mg, MS: Calcd for Ci 4 H 24 N 2 0 9 : 

363.4 [M-H]-, 387.4 [M+Na]+. 

GM4874: 124 mg, MS: Calcd for C13H22N2O9: 

349.3 [M-H]-, 373.3 [M+Na]+. 
GM4875: 84 mg, MS: Calcd for C 14 H 24 N 2 0 9 : 364.1. 

25 363.2 [M-H]-, 387.3 [M+Na]+. 

GM4876: 15 mg, MS: Calcd for Ci 2 H 14 N 2 0 5 : 266. 1. 
265.3 [M-H]-, 289.3 [M+Na]+. 

4 . N-Acyl-4-amino-butyric acid derivatives are shown 
in Table H: 



348.1. Found 



350.1. Found 



364 . 1 



Found 



350.1. Found 



Found 



Found 



4 . 1 Dipeptides : 



GM4771 
GM4772 
GM4773 
GM4774 
GM4775 
GM4776 



4 5 mg . 

65 mg, MS 

68 mg, MS 

65 mg, MS 

59 mg, MS 

67 mq, MS 



292.2(M+H)+, 314 .2 (M+Na) + . 

306.1(M+H)+, 328.2 (M+Na)+. 

308.4(M+H)+, 330.4 (M+Na)+. 

322.3(M+H)+, 344 .2 (M+Na ) + . 

308.3(M+H)+, 330 .3 (M+Na) +. 
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GM4777: 68 mg, MS: 

GM4778: 57 mg, MS: 
4.2 Tripeptides: 

GM4879: 23 mg, MS 

GM4880: 54 mg, MS 

GM4881: 82 mg, MS 

GM4882: 93 mg, MS 

GM4883: 83 mg, MS: 

GM4884: 73 mg, MS: 

GM4885: 87 mg, MS: 

GM4886: 31 mg, MS: 



322.3 (M+H) +. 

224.4(M+H)+, 331.3 (M+Na)+, 

351.5(M+H)+. 
349.2 (M+H) +. 
364 .2 (M+H)+. 

366.2(M+H)+, 388 .2 (M+Na)+. 

379.3 (M+H) +. 
365.1(M+H)+, 388.3(M+Na)+. 
379.1 (M+H)+. 

281.2 (M+H) +. 



Example 9 



Dithiocarbam ates and thiourea derivates 
The following compounds 
15 synthesized according to the 



shown in Table Q were 
teachings of the above 

examples. Additional teachings 



compound . 



are provided for each 



.L: IsonipecoticcarbQdithioai-P.9 



20 



25 



GM 4509 and GM 4513 

2,3, 4, 6-tetra-0-acetyl-3-D-galactopyranosyl-l- (4- 
ethoxycarbonyl-piperidinecarbo-dithioate) . Ethyl 
isonipecotate (0.15 mL, l.o mmol) was added to a stirred 
suspension of sodium hydride (1.0 mmol) in N,N- 
dimethylformamide (10.0 mL) at 0 o c . After ten minutes, 
carbon disulfide (1.2 mmol) was added dropwise, and the 
mixture was stirred for an additional thirty minutes a 
solution of 2, 3, 4, 6-tetra-O-acetyl-b-D-galactopyranosyl 
bromide (0.41 g, 1.0 mmol) in N, N-dimethylf ormamide (5.0 
mL) was then added dropwise. The mixture was allowed to warm 
30 up to room temperature and the stirring was continued for 
three hours. It was poured onto ice-water, and the mixture 
was extracted with chloroform (2x 50 mL) . The organic layer 
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was separated and it was washed with 2M hydrochloric acid 
and water. The solvent was evaporated and the residue was 
subjected to column chromatography ' (hexane-acetone 4:1517:3) 
to obtain the title product, 0.51 g (91%). Ih-NMR (CDC1 3 ) d 
5 1.23 (t, 3H, CH 2 CH 3 ), 1.88 (m, 2H, CH 2 isoniopecotic) , 2.00, 
2.04, 2.16 (3s, 12H, COCH3) , 2.66 (m, 1H, CHisonip.), 3.48 
(m, 2H, CH 2 isonip.) , . 4.14 (m, 5H, CH 2 CH 3 , H-3,5,6a), 4.36 (m, 
1H, CH 2 isonip), 5.12 (m, 1H, CH2isonip) , 5.20 (dd, 1H,' 
J5,6b=3.44 J6a,6b=9.8 Hz Hz H-6b) , 5.48 (d, 1H, J4,5=3.5 Hz 

10 H-4), 3.50 (t, 1H, J2,3=10.3 Hz H-2), 5.88 (d, 1H, Jl,2=9.6 
Hz H-l). 13 C -NMR (CDCI3) d 14.20 (CH 2 CH 3 ) , 20.58, 20.69, 
20.77, 20.84 (C0CH 3 ) , 27.50, 27.92 (2bs, CH 2 isonip) , 40.32 
(CHisonip), 49.58, 51.18 (2bs, CHisonip), 60.90, 61.22 (C-6, 
CH2CH3 respectively), 66.01, 67.42 72.25, 74.99 (C-2,3,4,5), 

15 87.67 (C-l), 169.88, 170.25, 170.44 (COOCH 2 CH 3 , COCH3 )' , ' 1 91 . 5 
(C=S). MS: Calcd. for C23H33NO11S : 563 . 1 . Found: 564.0 
[M+H] + . 

3-D-galactopyranosyl-l- (4-ethoxycarbonyl-piperidine- 
carbodithioate) . 0.43 g (0.78 mmol) protected derivative 

20 was deacetylated in ethanol (10 mL) with sodium ethoxide (pH 
9).. The reaction mixture was neutralized with AG 50WX-8 [H+] 
ionexchange resin and the solvent was evaporated to give the 
title product quantitatively (0.30 g) . ^H-NMR (CD3OD) d 
1.24 (s, 3H, CH 2 CH 3 ), 1.72 (dddd, 2H, CH 2 isonip) , 2.00 (dd, 

25 2H, CH 2 isonip), 2.76 (m, 1H, CHisonip), 3.48 (2t, 2H, 
Hsugar), 3.57 (dd, 1H, J5,6b=3.3 Hz, J6a,6b=9.2 Hz H-6b) ' 
3.65 (m, 3H, CH 2 CH 3 and Hsugar), 3.84 (t, 1H, J2, 3=10.0 Hz H- 
2), 3.95 (d, 1H, J4, 5=3.2 Hz H-4), 4.14 (dd, 1H, CH 2 CH 3 ) , 
4.50 (bs, 1H, CH 2 isonip) , 4.25 (bs, 1H, CH 2 isonip) , 5.62 (d, 

30 1H, Jl,2=10.4 Hz H-l). 13 C _ NMR (C D 3 OD) d 14.50 (CH 2 CH 3 ) , 
29.02 (CH 2 isonip), 41.47 (CHisonip), 61.81 (CH 2 CH 3 ) , 62.25 
(C-6), 69.78, 70.36, 76.71, 80.91 (C-2,3,4,5), 91.79 (C-l), 
194.70 (C=S) . MS: Calcd. for: C15H25NO7S : 395 . 1 . Found: 
396.4 [M+H] + . 

35 3-D-galactopyranosylrl-piperidinecarbodithioate. 0.25 

a (0.63 mmol) ethyl ester was hydrolized in 5 mL 2M sodium 
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hydroxide followed by neutralization with AG 50W-X8 [ H+ l 
xonexchange resin to obtain the final product 0.21 g (90 %) 
MS: Calcd. for C13H21NO7S : 367 . 1 . Found: 368.0 [M+H] + 

GM 4895: To a solution of ethyl isonipecotate' (0.21 
mL, 1.37 mmol) in N, N-dimethylf ormamide (10 mL) , sodium 
hydride (1.37 mmol) was added and the mixture was stirred 
for ten minutes. After cooling to 0 °C, carbon disulfide 
(0.1 mL, 1.65 mmol) was- added dropwise, and the mixture was 
stirred for thirty minutes. A solution of 

10 l-bromo-2- (2,3,4, -tri-O-acetyl-a-L-f ucopyranosyl ) -ethane 

(0.48 g, 1.37 mmol) ± n N, N-dimethyl-f ormamide (5.0 mL) was 
added dropwise. The mixture was allowed to warm up to room 
temperature and the stirring was continued until the bromide 
was consumed. The reaction mixture was poured onto ice- 
water, and it was extracted with chloroform (2x 50 mL) The 
organic layer was separated and it was washed with 2M 
hydrochloric acid and water. The solvent was evaporated and 
the residue was deprotected in ethanol (20 mL) with sodium 
ethoxxde. The reaction mixture was neutralized with AG 50WX- 
20 8 [H+] ionexchange resin and the solvent was evaporated The 
resulting mixture was purified by column chromatography to 
give GM 4895 (0.36 g, 64 %). 1 H -NMR ( CD3OD) d 1.24 (d 3H 
CH3FUC), 1.25 (t, 3H, CH 2 CH 3 ), 1.70 (2dddd, 2H, CH 2 isoni P ) ' 
1.88-2.20 (m, 6H, CH 2 isoni P and CH 2 CH 2 ) , 2.75 (m 1H 
25 CHisonip), 3.16 (dddd, 1H, CH 2 isonip) , 3.46 (m, 2H, CH 2 CH 2 ) ,' 
3.55 (dd, 1H), 3.61 (dd, 1H), 3.67 (dd, 1H) , 3.93 (m, 2H 
CH 2l son lp and H-5 respectively), 4.00 (dddd, 1H, H-l) 4 14 
(dd, 2H, CH 2 CH 3 ). 13 C -NMR (CD3OD) d 14.51 (CH 2 CH 3 ) , ' 16 77 
(CH3FUC), 25.90 (CH 2 CH 2 ), 28.94 (CH 2 isonip) , 34. 66 (CH 2 CH 2 ) 
41.65 (CHisonip), 61.78 (CH 2 CH 3 ) , 68.82, 69.63, 72 14 72 87 
(C-2, 3, 4, 5), 75.94 (C-l), 175.51 (COOCH 2 CH 3 ) , 197.5o'(C=S) 
*S: Calcd. for: Ci7H 29 N0 6 S 2 : 407.1. Found: 408 . 0 [M+R]+ 

GM 4754 and GM 4755: Ethyl isonipecotate (0.21 mL 
1.37 mmol) in N, N-dimethylf ormamide (10 mL) was reacted with 
35 carbon disulfide (0.1 mL, 1.65 mmol) in the presence of 
sodium hvdride (1.37 mmol). Then l-bromo-2- (2, 3, 4 , 6-tetra- 



30 

MS 
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O-acetyl-a-D-galactopyranosyl) -ethane (0.54 g, 1.37 mmol) 
was added and the mixture to prepare the protected ethyl- 
piperidinecarbo-dithioate derivative. The reaction was 
worked up as described previously and the residue was 
deprotected in ethanol (20 mL) with sodium ethoxide. After 
neutralization with AG50 WX-8 [H+] ionexchange resin, the 
solvent was evaporated and the resulting mixture was 
purified by column chromatography (CHCl 3 -methanol 4:1) to 
give GM 4754 (0.33 g, 58 %). 1h-NMR (CD3OD-CDCI3 2:1) d 
1.24 (t, 3H, CH2CH3), 1.80 (2dddd, 2H, CH 2 isonip) , 2.04 (m, 
4H), 2.72 (m, 1H, CHisonip) , 3.24 (dddd, 1H, CH 2 isonip) , 3.44 
(m, 5H), 3.62 (dd, 1H) , 3.78 (m, 3H) , 3.98 (dd, 2H) , 4.12 
(dddd, 1H, H-l), 4.17 (dd, 2H, CH 2 CH 3 ) . 13 C _ NMR (CD3OD-CDCI3 
2:1) d 14.69 (CH 2 CH 3 ), 25.19 (CH 2 CH 2 ) , 28.50 (CH 2 isonip) , 
15 34.28 (CH 2 CH 2 ), 41.31 (CHisonip), 61.81, 62.17 (C-6, CH 2 CH 3 
respectively), 69.24, 69.99, 71.34, 72.48 (C-2,3,4,5), 75.68 
(C-l), 175.21 (CH 2 CH 3 ), 197.52 (OS). MS: Calcd. for 
C17H29NO7S2 :423.1. Found: 423.9 [M+H]+. 

0.29 g (0.78 mmol) ethyl ester was hydrolized in 20 mL 
20 2M sodium hydroxide, followed by neutralization with AG 50W- 
X8 [H+] ionexchange resin to obtain GM 4755 (0.26 g, 97 %) . 
ifi-NMR (D 2 0, 70 °C) d 1.75 (2dddd, 2H, CH 2 isonip) , 2.51 (m, 
4H), 2.81 (m, 1H, CHisonip), 3.30 (dddd, 1H, CH 2 isonip) , 3.52 
(m, 5H), 3.75 (m, 3H) , 3.87 (ddd, 1H) , 4.01 (2dd, 2H) , 4.15 
25 (ddd, 1H, H-l). 13 C _ NMR (D20/ 7Q o c) d 2A21 (C h 2CH2)/ 27.67 
(CH 2 isonip), 33.59 (CH 2 CH 2 ) , 40.40 (CHisonip), 61.22 (C-6), 
68.54, 69.28, 70.28, 72.29 (C-2,3,4,5), 74.90 (C-l), 178.50 
(COOH), 196.43 (C=S) . MS: Calcd. for C15H25NO7S2 : 395 . 1 . 
Found: 395.8 [M+H] + . 
30 GM 4752 and GM 4769: Ethyl isonipecotate (0.21 mL, 

1.37 mmol) was reacted with carbon disulfide (0.1 mL, 1.65 
mmol) in the presence of sodium hydride (2.75 mmol) followed 
by l-bromo-2- (2,3,4, 6-tetra-O-acetyl-a-D-mannopyranosyl ) - 

ethane (0.54 g, 1.37 mmol). The reaction was worked up as 
35 described previously and the residue was deprotected in 
ethanol (20 mL) with sodium ethoxide. After neutralization 
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-ith AG50 wx-8 IH+ , ionexchange resin, the solvent „ as 
evaporated and th. resulting mixture was purified b y col"! 
Chromatography <CHCl3-methanol 4 = 1, to give GM 4769 , " 

s t o *; H : NMR <CDCl3 ' d l - 21 (t - 3H - CH ^>- i-« - «?' 

<«ddd, 1H, CH 2 isoni p) , 3.47 4H, , 3.70, 3.80 <bs «f 
4.04 (dd, 1H), 4.16 Id 2H CH r H 1 13„ 

(CHCH1 „ , 2 3 ' • 13C ~ NMK (CDCI3 , d 14.22 

(CH 2 CH 3 ), 27.93 (CH 2 isonip), 28.37 (CH 2 CH 2 ), 33 36 (CH CH 1 

40. 63 (CHisonip,, 61.07 <CH 2 C„ 3 , , 61.75 (C 1 , 67 30 1 9 ' 

10 72.09, 73.87 ,c-2. 3, 4, 5, . 77.48 <c-l,, 4 . 30 Ich'ch ' 

^.■r^V CalCd - ^ .1. 'Tit 

2M h' 2? ! J 0 '" n ™° 1) ethyl eSt " " SS "^rolized in 20 mL 

IS X8 y r de ' f ° ll0Ued ^ »«t»"»tion with AG 50W- 

X8 [H+ J ronexchange resin to obtain GM 4769 (0.26 g 95 », 

MS: Calcd. for C 15 H25N0 7 S 2 : 395.1. Found: 395.9 [M+H] + . 

Thiour ea bound isonioecotates 



™ 4598 and GM 4633: To a solution of ethyl 

xson.pecotate (0.15 mL, 1.0 m^ol, in pyridine ,5.0 mL, at 
C, a solution of 2, 3, 4 , 6-tetra-0-aoet y l-p- D - ga la=to- 
pyr.no.yl isothiocyanate ,0.39 g, 1.0 mmol, in pyridina 
(5.0 mL, was added. The mixture was stirred overnight at 
room temperature, then it was poured into ice-water, and the 



— - --wv* »rv a L- ' 

mature was extracted with chloroform ,2x 50 mL) . The 
organic layer was separated and it was washed with 2M 
hydrochloric acid and water. The solvent was evaporated and 



the rescue was subjected to column chromatography (hexane- 

r r ir :3> to obtain the protected thi — ■ <°-" -. 

30 2H, CH.rsonrp), 1.88 ,m, 2H, CH 2 iso„i P partially covered by 

T ;r£"' 2 ' 02, 2 -° 3, 2 -° 6 - 2 -° 7 Ms - i2H - C ° CH ^ 

n, 1H, CHrsomp), 3.26 ,m, 2H, CH 2 isonip, , 3.90 (dddd, 1H 
J5,6b-2.2 Hz, J5.6a-4.4 Hz, J6a,6b-10.1 Hz, H-5) , 4.H (dd ' 
1H H-6b,, 4.15 (dd, 2H, C„ 2 CH3, , 4.28 ,bs, 1H, CH.isonip^' 
35 4.36 ,dd, 1H, H-6a,, 4. 51 (bs, 1H, CH 2 isonip, , 5.01 (t , 1H [ 

SUBSTITUTE SHEET (RULE 26) 

BNSOOCID: <WO 9929705A3JA> 



WO 99/29705 



PCT/US98/25783 



91 



J3,4=9.6 Hz H-3), 5.07 (t, 1H, J4,5=9.8 Hz H-4), 5.40 (t, 
1H, J2,3=9.6 Hz H-2), 5.86 (t, 1H, Jl,2= 9.1 Hz H-l), 6.66 
(d, 1H, J1,NH=8.4 Hz, NH) . 13 C -NMR (CDC1 3 ) d 14.67 (CH 2 CH 3 ) , 
21.03, 21.04, 21.21, 21.27 (COCH3) , 27.93, 27.98 (CH 2 isonip) ,' 
5 40.78 (CHisonip), 47.53, 47.97 (CH 2 isonip) , 61.13, 62.22 (C- 
6, CH 2 CH 3 respectively), 69.00, 71.61, 73.07, 73.62 (C- 
2, 3, 4,5), 84.40 (C-l), 170.1.6, 171.07, 172.26, 174 .25 (COCH3, 
COOCH 2 CH 3 ), 182.03 (C=S). MS: Calcd. for 

C23H34N20nS:546.2. Found: 547.9 [M+H] + . 
10 °- 48 9 (0 - 88 mmol) protected thiourea was deacetylated 

in ethanol (10 mL) with sodium ethoxide. The reaction 
mixture was neutralized with AG 50WX-8 [H+] ionexchange 
resin and the solvent was evaporated to give the title 
product quantitatively (0.33 g) . 3-H-NMR (CD3OD) d 1.24 (t, 
15 3H, CH 2 CH 3 ), 1.68 (m, 2H, CH 2 isonip) , 1.94 (bd, 2H, 
CH 2 isonip) , 2.68 (m, 1H, CHisonip), 3.31 (m, 4H) , 3.45 (t, 
1H), 3.50 (t, 1H), 3.68 (m, 1H) , 3.83 (dd, 1H) , 4.07 (dd, 
2H, CH 2 CH 3 ), 4.62 (t, 2H) , 5.60 (d, 1H, Jl,2=8.6 Hz H-l). 
13 C -NMR (CD3OD) d 53 (CH 2 CH 3 ), 28.87 (CH 2 isonip) , 41.75 
20 (CHisonip), 48.63, 48.77 (CH 2 isonip) , 61.69, 62.52 (C-6, 
CH 2 CH 3 respectively), 71.24, 73.58, 78.90, 79.24 (C-2,3,4,5), 
86.96 (C-l), 175.86 (COOCH 2 CH 3 ) , 183.32 (C=S) . MS: Calcd! 
for Ci5H26N207S2:378.2. Found: 379.1 [M+H] + . 

0.30 g (0.79 mmol) ethyl ester was hydrolized in 5 mL 
25 2M sodium hydroxide followed by neutralization with AG 50W- 
X8 [H+] ionexchange resin to obtain the final product 0.27 g 
(97%). iH-NMR (D 2 0) d 1.74 (m, 2H, CH 2 isonip) , 2.03 (m, 2H, 
CH 2 isonip) , 2.76 (m, 1H, CHisonip), 3.31-3.59 (m, 6H) , 3.74 
(dd, 1H, J5,6a=4.9 Hz, J6a,6b=12.1 Hz H-6a) , 3.89 (dd, 1H, 
30 J5,6b=2.1 Hz), 4.44 (m, 2H) , 5.63 (d, 1H, Jl , 2 = 8 . 2 ' Hz ) '. 
13 C -NMR (D 2 0) d 27.54 (CH 2 isonip) , 40.45 (CHisonip), 48.23, 
48.31 (CH 2 isonip), 60.85 (C-6), 69.53, 72.11, 76.86, 77.57 
(C-2,3,4,5), 85.57 (C-l), 179.25 (COOH) , 180.41 (C=S). MS: 
Calcd. for C13H22N2O7S : 350 . 1 . Found: 391.0 [M+H] + . 
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Example 10 



N-acylated Glycomimetics 

Structural glycomimetics shown in Figure 10, also were 
desxgned to mimic the functional biological activity of 
5 complex carbohydrates important in cell adhesion such as 
sialyl Lewis* (sLe x ) and sialyl Lewis* (sLe a ) 

The design of these structural glycomimetics involved 
the acylatxon of several phenol bearing aromatic structures 

10 be r t POSed ^ CaP3ble ° f SPann±ng — ary distance 

10 between the carboxylic acid and the L-fucose hydroxyl 
groups. We choose to use a solid phase route to these 
compounds since we were also investigating the exploitation 
of carbon-glycosides in a similar fashion. Solid-phase 
techniques have the advantage that many compounds can be 
15 prepared essentially at the same time and thus save research 
time in the generation of targeted libraries. This design 
explores the use of other structural units besides L-fucose 
xn particular phenols, as potential calcium ion coordi- 
nators for the modulation of selectin-dependent cell 
20 adhes.cn. This approach evolved from considering linear and 
non-linear charge-distance-coordination arrangements needed 
for selectin antagonism and "mapping" of the selectin 
binding pocket as opposed to constructing a replica of the 

25 llT ' "x° 0r±entati0n ° f th * complex oligosaccharide 

25 epitopes S Le*'« and s-diLe* (fig Ure s 1 and 2). Thus a 
proposed distance (8-12 angstroms) between the carboxylic 
acid of the sialic acid sugar and the Ca- coordinating 
ability of the L-fucose was our initial starting point for 
our design. 

30 The following is a set of procedures that were utilized 

to synthesize the compounds of Figure 11. 

Materials and Methods 

The commercial Wang's resin (f rom Sigma with loading 
level of 0.7 mmol/g, was washed with the follow±ng solvents 
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in the same order: DMF, MeOH, H 2 0, MeOH, THF and CH 2 C1 2 . 
High purity of solvents is recommended. The prewashed resin 
was dried in high vacuum overnight. 

4-Dimethylaminopyridine (DMAP) (128.3 mg, 1.05 mmole) 
5 was dissolved in DMF (11 mL) and CH 2 C1 2 (26 mL) to make a 
DMAP solution. N-Fmoc-protected isonipectic acid (3.70 g, 
10.5 mmole) was dissolved in DMF (11 mL) and CH2CI2 (26 mL) . 
To the acid solution was added 1 , 3-diisopropylcarbodiimide 
(1.65 mL, 10.5 mmole) and the mixture was allowed to stand 
10 at room temperature for 2 minutes. Then to the solution was 
added the prewashed and dried Wang's Resin (5.00 g, 0.7 
mmol/g, 3.5 mmole), followed by addition of DMAP solution. 
The mixture was gently stirred at room temperature for 16 
hrs. The resin solution was filtered and the resin was 
15 washed with DMF (750 mL) and CH 2 C1 2 (750 mL) . The final 
washing solution was checked by TLC and no chemical 
compounds could be detected. The resin was dried in high 
vacuum over-night and 6.20 gm of coupled resin was obtained. 
It has been determined that the coupled resin has the 
20 loading level of 0.54 mmole/g through Fmoc quantitative 
analysis . 

The coupled resin (200 mg, 0.108 mmole) was put in a 12 
mL polypropylene cartridge with PE fit and the cartridge was 
stoppered with a rubber septa. To the cartridge was added 

25 20% piperidine in DMF (5 mL) . The mixture was kept at room 
temperature for 1 minute and then the solution was released. 
To the cartridge was added another portion of 20% piperidine 
in DMF (5 mL) . The mixture was kept for 20 minutes at room 
temperature. The solution was released and the resin was 

30 washed with DMF (5 mL x 10) and CH 2 C1 2 (5 mL x 10) . The 
resin was dried under vacuum for 2 hours. 

HOAt (88.2 mg, 0.648 mmole, 6 equivalent) was dissolved 
in DMF (3.2 mL) . To the solution was added acetylated 
gallic acid (160.0 mg, 0.54 mmole, 5 equivalent) and 1,3- 

35 diisopropylcarbodiimide (68.1 mg , 0.54 mmole, 5 equivalent). 
A colorless solution was obtained which was transferred to 
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the dry resin cartridge and the resin became yellow 
immediately. The yellow color faded gradually and 

disappeared in about 1 hour which indicated the acylation 
was close to completion. The resin mixture was kept in the 
5 cartridge at room temperature over night for the completion 
of acylation reaction. The solution was released and the 
resin was washed with DMF (5 mL x 10), methanol (5 mL x 10) 
and CH 2 C1 2 (5 mL x 10) . The resin was dried under vacuum 
for one-half hour. 

10 Hydrazine acetate (97.9 mg, 1.08 mmole, 10 equivalent) 

was dissolved in methanol (1 mL) and DMF (4 mL) and the 
solution was added to the resin cartridge. The mixture was 
kept at room temperature for 4 hours. The solution was 
released and the resin was washed with DMF (5 mL x 10) 
15 methanol (5 mL x 10) and CH 2 C1 2 (5 mL x 10). The resin was 
dried under vacuum for 10 minutes. 

To the resin cartridge was added 50% TFA in CH 2 C1 2 (5 
mL) and the mixture was kept at room temperature for one- 
half hour. The TLC of the solution showed a single spot for 
20 the product. The solution was released and the resin was 
washed with CH 2 C1 2 . The combined solution was evaporated 
and dried under high vacuum over night. The crude product 
was purified on a reversed phase octadecyl silica gel clot 
in a glass buchner funnel eluting with water, 10% methanol 
25 m water, and 20% methanol in water to provide the product 
fraction. After evaporating methanol and lyophilization, a 
white amorphous solid was obtained (16.2 mg, 53% yield). 
H- and 13 C _ NMR showed it was very pure product. 

The compounds of Figure 10 were synthesized using the 
30 techniques described herein and characterization data for 
each of these compounds is provided below. 

GM 4391: 56% yield. 1h NMR (CD3OD) : 5 7.43 (d, 1H 
J =15.3 Hz, H-b), 7.04 (d, 1H, a =2.0 Hz, H-2 • ) , 6.96'(dd' 
1H, J = 8.2 Hz, J = 2.0 Hz, H-6-), 6.86 (d, 1 H , J = 15.3 Hz' 
35 H-a), 6.76 (d, 1H, J = 8 .2 Hz, H -5<), 4.42 (bd, 1H, J = 12 2 
Hz, H-2e or H-6e) , 4. 16 (bd, 1H, j = 12.8 Hz, H-6e or H-2e) , 
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3.30 (m, 1H, H-2a or H-6a), 2.96 (m, 1H, H-6a or H-2a) , 2.61 
(m, 1H, H-4), 1.98 (m, 2H, H-3e and H-5e) , 1.63 (m, 2H, H-3a 
and H-5a) . 13 c NMR (C D 3 OD) : 6 D78.13 (COOH), 168.24 (0=CN), 
148.86 (C-l'), 146.67 (C-4'), 144.91 (C-b) , 128.54 (C-3'),' 
5 122.26 (C-a), 116.46, 115.32 and 114.61 (C-2 ' , C-5 • and C- 
6'), 46.41 and 42.95 (C-2 and C-6) , 42.02 (C-4), 30.13 and 
29.26 (C-3 and C-5). MS (POS ESI): m/z 292 (M+H)+. 

GM 4392: 39% yield. *H NMR (CD 3 OD) : 5 6.66 (d, 1H, J 
= 7.9 Hz, H-5'), 6.63 (d, 1H, J= 2.0 Hz, H-2 1 ) , 6.51 (dd, 
10 1H, J = 7.9 Hz, J = 2.0 Hz, H-6'), 4.42 (ddd, 1H, J = 14.2 
Hz, J = 3. 9 Hz, J = 2.8 Hz, H-2e or H-6e) , 3.80 (ddd, 1H, J 
= 14.7 Hz, J = 3.7 Hz, J = 2.8 Hz, H-6e or H-2e) , 3.05 (ddd, 
1H, J = 14.7 Hz, J = 11.3 Hz, J = 2.0 Hz, H-2a or H-6a), 
2.82 (ddd, 1H, J = 14.3 Hz, J= 11.3 Hz, J = 3.0 Hz, H-6a or 

15 H-2a), 2.74 (t, 2H, J= 7.6 Hz, H-a) , 2.60 (t, 2H, J= 7.6 
Hz, H-b) , 2.51 (m, 1H, H-4), 1.85 (m, 2H, H-3e and H-5e) , 
1.47 (m, 2H, H-3a and H-5a) . 13q NMR (CD3OD) : 5 177.96 
(COOH), 173.46 (0=CN), 146.27, 144.72 and 133.67 (C-l', C-3' 
and C-4'), 120.65, 116.58 and 116.37 (C-2', C-5' and C-6'), 

20 46.43 and 42.24 (C-2 and C-6), 41.72 (C-4), 36.06 (C-a), 
32.33 (C-b), 29.63 and 29.03 (C-3 and C-5). MS (POS ESI): 
m/z 294 (M+H) + . 

GM 4393: 54% yield. *H NMR (CD3OD) : 6 6.49 - 6.42 (m, 
2H, H-2' and H-5'), 6.32 (m, 1H, H-6'), 4.77 (m, 1 H , H-a), 

25 4.00 (m, 1H, H-2e or H-6e) , 3.37 (m, 1H, H-6e or H-2e) , 2.58 
(m, 4H, H-2a, H-6a and H-b), 2.23 (m, 1H, H-4), 1.73 (s, 3H, 
NHCOCH3 ) , 1.65 - 1.15 (m, 4H, H-3e, H-5e, H-3a and H-5a) '. 
13 C NMR (CD 3 OD) : 5 177.79 and 177.70 (COOH), 172.69 (0=CN) , 
171.96 and 171.84 (NHCOCH3) , 146.43 and 146.28, 145.52 and 

30 145.36, 129.31 and 129.12 (C-l', C-3' and C-4'), 121.71, 
117.46, 116.44 and 116.32 (C-2', C-5' and C-6'), 51.88 and 
51.80 (C-a), 46.41 and 46.17, 42.62 (C-2 and C-6), 41.51 (C- 
4), 39.08 and 38.96 (C-b), 29.45 and 29.12, 28.85 and 28.71 
(C-3 and C-5), 22.26 (NHCOCH3) . MS (POS ESI): m/z 351 

35 (M+H) + . 
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GM 4394: 46% yield. 1 H NMR (CD3OD) : 5 6.70 (d, 1H J 
=8.0 Hz H-5'), 6.67 (d, 1H , 2 . 0 Hz , H _ 2 . } , ^ ^ 

IH, .7 - 8.0 Hz, .7 = 2.0 Hz, H-6'), 4.33 (ddd, 1H, J = 13 2 
H* a - 4.0 Hz, .7- 2 .7 Hz, H-2e or H-6e) , 3.90 (ddd, 

: H H2 ' 17=1 HZ ' ^ = 2 - 8 H2 ' H- 6 * or H-2e), 3.61 (s, 

2H, H-a), 3.10 (ddd, 1H, j - 13.7 Hz, j = 11.3 Hz, <J = 2 8 
Hz, H-2a or H-6a) , 2.84 (ddd, 1H, J = 13.7 Hz, j = n 5 Hz 
J - 3.0 Hz, H-6a or H-2a) , 2.51 (m, 1H, H-4), 1. 89 {m , lH [ 

10 H T " _5e) ' 1,76 ^ ^ H " 5S ° r H " 3e) ' X - 51 < m ' lH ' H-3a 

10 or H-5a), 1.34 (xn, 1H, H-5a or H-3a) . 13 c NMR (CD3OD) • 5 

177.98 (COOH), 172.49 (0=CN) , 146. 62, 145.28 and 127 61 (C- 
1', C-3' and C-4'), 120.85, 116.57 and 116.48(C-2«, C-5 • and 
C-6'), 46.83 and 42.42 (C-2 and C-6) , 41.70 (C-4), 41 08 (C- 
a,, 29.48 and 29.97 (C-3 and C-5). MS (POS ESI): m/z 280 
15 (M+H) + . 

GM 4395: 58% yield. 1 H NMR (CD 3 OD) : 5 6.84 (d, 1H J 
- 1-8 Hz, H-2'), 6.81 (d, 1H, j= 8.1 Hz, H-5'), 6.76 (dd, 
1H, J = 8.1 Hz, j = 1.8 Hz, H-6'), 4.34 (m, 1 H , H-2e or H- 
6e), 3.88 < m , ih, H-6e or H-2e) , 3.09 ( m , 2H, H-2a and H- 
20 6a), 2.61 ( m , 1 H , H-4), 1.94 (m, 2H, H-3e and H-5e) , 1 66 
<m, 2H, H-3a and H-5a) . 13 c NMR (CD 3 OD) : 5 178.00 (COOH) 
172.93 (0=CN), 148.57, 146.43 and 127.93 (C-l«, c-3' Znd C- 
4'), 120.25, 116.14 and 115.44(C-2«, C-5' and C-6'), 46 93 
and 42.10 (C-2 and C-6), 41.92 (C-4), 29.67 and 29.48 (C-3 
25 and C-5). MS (POS ESI): m/z 266 (M+H)+. 

GM 4396: 89% yield. 1 H NMR (CD3OD) : 5 6.99 (d IH J 
- 1-8 Hz, H-2'), 6.89 (dd, IH, j- 8.1 Hz, j- 1. 8 ' H z,'h- 
6'), 6.83 (d, IH, 8.1 Hz, H-5'), 4.35 (m, IH, H-2e or H- 

6e), 3.86 (s, 3H, OCH3) , 3.84 (m, IH, H-6e or H-2e) 3 12 
30 (m, 2H, H-2a and H-6a) , 2.61 (m, IH, H-4), 1.94 ( m , 2 H, H-3e 
and H-5e), 1.67 ( m , 2H, H-3a and H-5a) . 13 c NMR (CD3 OD) • 6 
177.92 (COOH), 172.77 (0=CN) , 149.73, 149.00 and 127 83 (C- 
1', C-3' and C-4'), 121.54, 115.99 and 112.03 (c-2' C-5 • 
and C-6'), 56.49 (OCH3) , 46.93 and 42.10 (C-2 and' C-6) 
35 41.87 (C-4), 29.50 and 29.44 (C-3 and C-5). MS (P OS ESI)' 
m/z 280 (M+H)+. 
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GM 4397: 73% yield. 1h NMR (CD 3 OD) : 5 6.97 (d, 1H, J 
= 9.9 Hz, H-5'), 6.88 ( d/ 1H, J= 2.1 Hz, H-2 • ) , 6.87 (dd, 
1H, J = 9.9 Hz, c7 = 2.1 H-6'), 4.38 (m, 1H, H-2e or H-6e) ' 
3.87 (s, 3H., OCH3), 3.84 (m, 1H, H-6e or H-2e) , 3.11 (m, 2 H,' 
5 H-2a and H-6a) , 2.61 (m, 1H, H-4), 1.94 (m, 2H, H-3e and H- 
5e) , 1.66 (m, 2H, H-3a and H-5a). 13 c NMR (CD3OD) : 5 177.91 
(COOH), 172.60 (0=CN), 150.64, 147.74 and 129.35 (C-l', C-3 • 
and C-4'), 119.94, 115.16 and 112.35 (C-2 • , c-5 • and C-6'), 
56.41 (OCH3), 46. 93 and 42.99 (C-2 and C-6), 41.87 (C-4),' 
10 29.61 and 29.31 (C-3 and C-5). MS (POS ESI): m/z 280 
(M+H) + . 

GM 4357: 44% yield. *H NMR (CD3OD) : 6 6.40 (s, 2H, H- 
2' and H-6'), 4.35 (m, 1H, H-2e or H-6e) , 3.89 (m, 1H., H-6e 
or H-2e), 3.19 (m, 2H, H-2a and H-6a) , 2.61 (m, 1H, H-4), 
15 1.94 (m, 2H, H-3e and H-5e) , 1.65 (m, 2H, H-3a and H-5a) '. 
!3 C NMR (CD3OD) : 6 178.03 (COOH), 173.04 (0=CN) , 146.99 and 
127.08 (C-l', C-3', C-4' and C-5'), 107.29 (C-2' and C-6'), 
46.93 and 42.99 (C-2 and C-6), 41.95 (C-4), 29.67 (C-3 and 
C-5). MS (POS ESI): m/z 282 (M+H)+. 

20 GM 4409: 47% yield. *H NMR (CD3OD) : 5 7.42 (d, 1H, J 

= 15.4 Hz, H-b'), 7.03 (d, 1H, J= 2.0 Hz, H-2'), 6.95 (dd, 
1H, J= 8.1 Hz, J= 2.0 Hz, H-6'), 6.85 (d, 1H, J = 15.4 Hz, 
H-a'), 6.76 (d, 1H, J = 8.1 Hz, H-5'), 4.57 (bd, 1H, J = 
13.6 Hz, H-2e or H-6e) , 4.20 (bd, 1H, J = 13.2 Hz, H-6e or 

25 H-2e), 3.14 (bt, 1H, J = 12.4 Hz, H-2a or H-6a) , 2.73 (bt, 
1H, J = 12.5 Hz, H-6a or H-2a) , 2.24 ( d/ 2H, J = 7.0 Hz, H- 
a), 2.03 (m, 1H, H-4), 1.83 (m, 2H, H-3e and H-5e) , 1.18 (m, 
2H, H-3a and H-5a) . 13 C NMR (CD3OD) : 5 176.12 (COOH), 
168.10 (0=CN), 148.81 (C-1-), 146.64 (C-4 ' ) , 144.73 (C-b'), 

30 128.55 (C-3'), 122 . 25 (C-a ' ) , 116.48, 115.30 and 114.74 (C- 
2', C-5' and C-6'), 47.13 and 43.69 (C-2 and C-6), 41.50 (C- 
a), 34.28 (C-4), 33.69 and 32.79 (C-3 and C-5). MS (POS 
ESI) : m/z 306 (M+H) + . 

GM 4410: 41% yield. 1 H NMR (CD3OD) : 5 6.66 (d, 1H, J 

35 = 8.1 Hz, H-5'), 6.62 (d, 1 H , J= 2.0 Hz, H-2'), 6.51 (dd, 
1H, J = 8.1 Hz, J = 2.0 Hz, H-6'), 4.50 (bd, 1H, J = 13. 2 
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Hz, H-2e or H-6e) , 3.82 (bd, 1H, J = 12 1 H z u /- 

2.97 (B , 1H , H- 2a or H _ 6a) , 2 / 93 _ 2 4 ; x (m ' 5 H ; „° 6 r 

2a, H-a- and H-b ■ ) , 2 . 16 (d , 2fw = 7 0 £ H ' "T T , 

H-5e), 1.06 (xn, l H , H -3a or H-5a) 0 81 , ^ ^ 

c * 1-3 n Da >' 0.81 m, 1H, H-3a or H- 

5a). 13 C NMR (CD3OD) : 5 176.17 (COOH) 17 , 7 ,° 

146.26, 144.73 and 133.64 (C-l • c T h ( ' 

116.71 and 116.40(C- 2 ., C - 5 • and C 6M <n ^ " ' 

^ „ ^ d C ~ 6 } ' 4 7.30 and 43 08 (C-9 

and c-6,. 41.48 (C -a,, 35.87 ,c- a ,, 34 . 05 (C - b .,, 33 15 ,c 
4), 32.60 and 32.49 (C-3 and r U o , ' 

( M+ H)+. ° 5) - MS (P0S ES D: 308 

3H, H-2 , H-5' and H-6'), 5.00 (m, 1H, H -a • ) 4 42 , m L 
H-2a or h-6.,. 3.84 (ra , 1H , H . 6e or >■ *■ « <». «, 

«-a, l.„ ,.. 3H, NHCOCH3) , 1.86 (m , l„. „_«,, „ (m *\ 

H, H-3e and H-5e) , 1.43 fm 0 s h u -a ' 

/, j-.io im , u.;, Hf H-3e and H-5e) l i « / m 

1H, H-3a and H-5a), 0.87 (m 0 5H H ^ * ' 

\ m ' u.oh, H-3a and H-S^ n / 

^ i 23 1« r 171-76 ^ 1?1 - 71 ™H 3) , !46.48 

and 146.23, 145.53 and 145.32, 129.31 and 129.13 (c-i- c _ 3 . 

and C-4.,, 121.88 and 121.72, 117.76 and 117 41 116 56 „ 

116.29 ,0-2., c-5. and c-6 ■ , , 51.94 and 51.59 C-" 7 ^ 

25 (C a), 39.33 and 38.93 (c-b'), 34.05 and 33 76 (c-4) , „ 

32 « and 32.29 <c-3 and c-5). 22.27 (NH COC„3 . ' ' MS ( ^ 
ESI): m/ z 3 65 (M +H )+. - ITOS 

GM 4412: 53% yield. 1 H NMR (CD30D) : 5 6.70 (d 1 H j 

30 1„ 8 " Hz ; IV 6 - 67 (d - 1H - J - 2 -° - -*•>' « V 

1H. , - 8.0 Hz, j . 2 .o „z, „-,.,, 4 . 55 

Hz H-2e or h-6.,, 3.95 (b d, 1H, j, 13 . n Hz , H . 6e Qr 4 
3.60 ,s 2„, H- a .), 2.99 ,dt, 1„, Jm 13 . 7 Hz , , _ „ * ' 
-7 - 2.6 Hz, „-2a or „.«.,, 2 . 62 , _ - 7 

13.4 HZ, a. 2.8 Hz, „- 6a or H-2a,, 2.16 ,d, 1H j - 7 3 H " 

H'; T< '"• 1H - H - 41 - : - 75 (bd - ih - j - » » hz , II I: 

H-5-1. 1.63 (bd , larJ . 12.2 Hz, „-5. or „-,.,, , . 07 ^ 
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■ 1H, H-3a or H-5a) , 0.89 (m, 1H, H-5a or H-3a). 13 c NMR 
(CD3OD) : 5 176.07 (COOH), 172.39 (0=CN) , 146.57, 145.23 and 
127.69 (C-l', C-3' and C-4 • ) , 120.87 and 116.49 (C-2', C-5 • 
and C-6'), 47.56 and 43.18 (C-2 and C-6) , 41.48 (C-a) , 41.06 
5 (C-a«), 34.05 (C-4), 33.09 and 32.55 (C-3 and C-5). MS (POS 
ESI) : m/z 280 (M+H) + . 

GM 4413: 72% yield. *H NMR (CD3OD) : 5 6.83 (d, 1H, J 
= 1.8 Hz, H-2'), 6.80 (d, 1H, J = 8.1 Hz, H-5 ' ) , 6.75 (dd, 
1H, j= 8.1 Hz, J = 1.8 Hz, H-6'), 4.51 (m, 1H, H-2e or H- 
10 6e), 3.89 (m, 1H, H-6e or H-2e) , 2.92 (m, 2H, H-2a and H- 
6a), 2.26 (d, 2H, J= 7.1 Hz, H-a) , 2.07 (m, 1H, H-4), 1.79 
(m, 2H, H-3e and H-5e), 1.23 (m, 2H, H-3a and H-5a) . 13 c 
NMR (CD3OD) : 5 176.08 (COOH), 172.78 (0=CN) , 148.47, 146.38 
and 128.07 (C-l', C-3' and C-4'), 120.24, 116.09 and 115.46 
15 (C-2', C-5' and C-6'), 49.18 and 43.74 (b, C-2 and C-6), 
41.49 (C-a), 34.26 (C-4), 33.38 (b, C-3 and C-5). MS (POS 
ESI) : m/z 279 (M+H) + . 

GM 4414: 82% yield. *H NMR (CD3OD) : 6 6.98 (d, 1H, J 
= 1.8 Hz, H-2'), 6.88 (dd, 1H, J = 8.1 Hz, J = 1.8 Hz, H- 
20 6'), 6.82 (d, 1H, J = 8.1 Hz, H-5'), 4.53 (m, 1H, H-2e or H- 
6e), 3.86 (s, 3H, OCH3) , 3.84 (m, 1H, H-6e or H-2e) , 2.95 
(m, 2H, H-2a and H-6a) , 2.26 (d, 2H, J = 7.1 Hz, H-a), 2.04 
(m, 1H, H-4), 1.78 (m, 2H, H-3e and H-5e) , 1.23 (m, "2H, H-3a 
and H-5a) . 13 C NMR (CD3OD) : 5 176.02 (COOH), 172.61 (0=CN) , 
25 149. 63, 148 .94 and 127. 98 (C-l\ C-3' and C-4 • ) , 121.52,' 
115.95 and 112.03 (C-2', C-5' and C-6'), 56.48 (OCH3), 49.18 
and 43.81 (b, C-2 and C-6), 41.47 (C-a), 34.26 (C-4), 33.08 
(b, C-3 and C-5). MS (POS ESI): m/z 294 (M+H) + . 

GM 4415: 78% yield. 1h NMR (CD3OD) : 5 6.98 - 6.85 (m, 
30 3H, H-2', H-5' and H- 6 ' ) , 4.54 (m, 1H, H-2e or H-6e) , 3.87 
(s, 3H, OCH3), 3.85 (m, IH, H-6e or H-2e) , 2.95 ( m , 2H, H-2a 
and H-6a), 2.26 (d, 2H, J= 7.0 Hz, H-a), 2.04 (m, IH, H-4), 
1.79 (m, 2H, H-3e and H-5e) , 1.24 (m, 2 H, H-3a and H-5a) . 
13 C NMR (CD3OD) : 5 176.02 (COOH), 172.44 (0=CN) , 150.55, 
35 147.67 and 129.49 <C-1\ C-3' and C-4'), 119.92, 115.17 and 
112.30 (C-2', c-5' and C-6'), 56.41 (OCH3) , 49.41 and 43.62 
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(b, C-2 and C-6), 41.47 (C-a) , 34 .25 (C-4), 33.36 and 32.72 
(b, C-3 and C-5) . MS (POS ESI): m/z 294 (M+H)+. 

GM 4416: 50% yield. 1h NMR (CD 3 OD) : 5 6.40 (s, 2H, H- 
2' and H-6'), 4.46 (m, m, H-2e or H-6e) , 3.89 (m, IH, H-6e 
or H-2e), 2.92 (m, 2H, H-2a and H-6a) , 2.26 (d, 2H, J = 7 0 
Hz, H-a), 2.04 (m, IH, H-4), 1.79 (m, 2H, H-3e and H-5e), 
1.20 (m , 2H, H-3a and H-5.a) . 13 c NMR (CD3OD) : 6 i 76 16 
(COOH), 172.88 (0=CN), 146.93, 136.23 and 127.23 (C-l ' C- 
3', C-4' and C-5 • ) , 107.32 (C-2' and C-6"), 49.40 and 43 65 
(b, C-2 and C-6), 41.57 (C-a), 34.28 (C-4), 33.10 (b, C-3 
and C-5). MS (POS ESI): m/z 296 (M+H) + . 



Example 11 

Structural glycomimetics like GM4456, GM4341, GM4447 
GM4484, GM4366, GM4626, GM4516, GM4782, GM4740, GM481 8 ' 
15 GM4781, GM4897, shown in Figures 12 and 13 and Table U were 
designed according to the teachings herein to mimic the 
functional biological activity of complex carbohydrates 
important in cell adhesion such as sialyl Lewis 51 (sLe x ) and 
sialyl Lewis 3 (sLe a ) . The sialic acid core compounds GM4877 
20 GM4878, GM4896 and GM4849 shown in Figure 13 may be used as 
intermediates in the preparation of these compounds which 
may be prepared according to the teaching disclosed herein. 

In addition, all compounds shown in Figures 1-13 and in 
Tables A-U are intended to be part of the present disclosure 
25 even though some compounds are not specifically discussed 
herein. All of the compounds shown in the Figures and 
Tables may be prepared according to the teachings disclosed 
herein. 

Example A 

30 The Selectin Rolling Assay And Th e Effect Of sLe x and sLe a 
Glycomimetics On Neutrophil Attachment To Selectins 

Neutrophils roll along vessel walls, attach to the 
vessel, and then migrate into tissues at sites of acute 
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inflammation. Selectins mediate the rolling and attachment 
of neutrophils. Thus, inhibition of neutrophil attachment 
to selectins indicates activity as a cell adhesion inhibitor 
and as an anti-inflammatory. Adhesion of leukocytes or HL- 
60 cells to P- and E-selectin under flow conditions in the 
presence of the compound to be assayed is measured according 
to the methods described by Patel, et al. J. Clin. Invest. 
(1995) 96:1887-1896. 

Adhesion of leukocytes or HL-60 cells to P- and E- 
selectin under flow conditions was assayed as follows. 
Fluid shear stresses present in the microvasculature are 
simulated in a parallel-plate flow chamber. Jones, et al . , 
Biophvs . J . (1994) 65:1560-1569; Moor, et al . , j. cell! 
BiQl - < 1995 > 128:661-671. Leukocytes (10 6 /ml) in HBSS/0.5% 
15 HSA are perfused through the chamber at the desired wall 
shear stress. Leukocytes rolling is allowed to equilibrate 
for 4 min. on E- or P-selectin expressing Chinese Hamster 
Ovary ("CHO") cells or IL-ip, TNFa or IL-4 stimulated human 
endothelial cells and for 8 min. on selectin-coated plastic 
20 before data acquisition. Experiments comparing control and 
test leukocytes are performed in parallel chambers on the 
same culture dish. Leukocyte interactions are visualized 
with a x40 objective (field of view of 0.032 mm 2 ) using 
phase-contrast video microscopy. Interactions are quanti- 
25 fied using a computer imaging system (Sun Microsystem, 
Mountain View, CA; Inovision, Durham, NC) . The number of 
adherent or rolling leukocytes is measured by digitizing 
image frames and determining the number of cells that are 
firmly adherent or rolling as described by Jones, et al. 
30 supra. Detachment of leukocytes is determined by allowing 
leukocytes to adhere to the surface under static conditions 
then initiating flow at a wall shear stress of 1 dyn/cm 2 . 
The wall shear stress is increased incrementally every 30s 
and the number of leukocytes remaining adherent is 
35 determined. All experiments are performed at 22°C unless 
indicated otherwise. In certain experiments cells are pre- 
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i„ ncu t b h e te c f r 10 min with inhibitor and roiii ^ 

xn the contxnuous presence of the inhibitor. Results of 
these experiments are presented in the Tables below. 

Example B 

Identification of Co mpounds Whi ch A ct as E. T. „_ 

Cell s a Selectm Cell-Based As^y 

A complete cDNA for the E, L and/or P-selectin receptor 
was obtained by PC R starting with total RNA isolated from 



IL-1 simulated human umbilical vein endothelium. The 
results cDNA was inserted into the CD M8 piasmid (see 
I, " '\ al - Pr ° C - Natl - SCi - US * ^ = B73 



and the plasmxd amplified in E . coli . plasmid D(gR 
xndxvxdual colonies was isolated and used to transfect COS 
15 cells. Positive plasmids were selected by their ability to 
generate COS cells that support HL-60 cell adhesion. DNA 
sequencing positively identified one of these clones as 
encoding for E. L and/or P-selectin (Bevilacqua « al 

Science, (1989) 243:1160; Polte et ,1 » , . 

' ie ec ai. . , Nucleic Ar He d ^ «- 

20 ,1990, 18 = 1083,. Hession et al . , P roc . Ka tl. Acad Sci USA 
(1»90, 87=1*73,. Th ese publications are incorporated herern 
by reference for their disclosure of E -selectin and genetic 
materxal coding for its production. The complete nucleotide 
sequence of the E-seleotin cDNA and predicted amino acid 
25 sequence of the E-selectin protein are given in the above 
cxted artxele by Bevilacqua et al., which DNA and amino acid 
sequences are incorporated herein by reference (see also 
publxshed PCT patent application W09O/ 13 300, which is 
xncorporated herein by reference, . 
30 COS cells, expressing membrane-bound E, L and/or p- 

selectxn, „ er e metabolically radiolabeled „ ith T ,P0 
(trxtxated phosphoric acid) . These labeled cells can be 
used as probes in two assay systems to screen for recoq- 
nition of the compounds of formula T 

ot iormula I. More specifically, 
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compounds of formula I may be adsorbed to the bottoms of PVC 
microliter wells or resolved on TLC plates. In either assay 
the compounds may be probed for their ability to support 
adhesion of E, L and/or P-selectin-transf ected COS cells, 
untransfected COS cells, or COS cells transfected with a 
plasmid containing an irrelevant cDNA, under conditions of 
controlled detachment force (see Swank-Hill et al., Anal. 
Biochem. (1987) 183:27; and Blackburn et al., J. Biol. Chem. 
(1986) 261:2873 each of which is incorporated herein by 
reference to disclose the details of such assaying method- 
ology) . The results of this assay are shown in the Tables 
below „ 

Example C 

Identification of Compounds Which Act as E, L and/or P 

15 Selectin Liqands Using Recombinantly Produced Chinese 
Hamster Ovary (CHO) cells Selectin Cell-Based Assay 

Chinese Hamster Ovary (CHO) cells were transfected by 
electroporation with plasmids CDM8-E-selectin or CDM8-P- 
selectin (containing the cDNA for the full-length E- or P- 

20 selectin, respectively) and pSVneo, and selected by resist- 
ance to neomycin. Individual cells were cloned and/or 
selected by flow cytometry for selectin expression using 
monoclonal antibodies to E- or P-selectin. 

Cell plates for testing the compounds of the invention 

25 were prepared as follows: 

Ninety-six well Corning plates were coated with 0.2% 
gelatin. Plates were seeded with either 5xl0 4 cells/well or 
3xl0 4 cells/well and grown for either 2 or 3 days. Cells 
seeded at lower density on Friday were ready for assay on 

30 Monday. The monolayer was rinsed with PBS. Then the cells 
were fixed with 50^1 of 0.5% Paraformaldehyde for 20 
minutes. The plates were then rinsed with PBS and blocked 
with 1% BSA/PBS, 100 ^l/well, 20-30 minutes at room 
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a^rth"' Pl " eS " e " aShed " lth PBS before 

adding the compounds to be assayed. 

HL-60 Cell Preparation 

HL-60 cells were counted and 7.5x10* cells/plate were 
5 reeved. The cells were washed by fllling . 50 ml 
centrifuge tube with PBS ,no more than 20 ml of c . lls/50 ml 
tube). The cells were resuspended at 2xloVml (7.5 ml for 2 
Plates,. Then BCECF-AM (10 m« stock] at S UM, 1/2 000 
dilution was added. The cell preparation was incubated for 
10 30 minutes at 37°c Thp 

The tuba » as ^lled with PBS to wash, 
then it was centrifuged as before, and decanted. The cells 
were pelleted at 1000 rpm for 10 min . The 
resuspended at 1 . 5xl0 6 cells/ml (10 ml). 

Compounds were tested at various concentrations, 
15 beginning with a 1:5 dilution. 40 ul of compound is added 
to quadruplicate wells, followed by 4 0„1 of cells. The 
suspension is rotated at 50 rpm for 20 minutes at room 
temperature. Unbound cells are removed or flicked. The 
mixture is washed 2X with PBS. Then 75 ul of lysis buffer 
20 ,10. , ml IR1S PH 9 .5. 2, Triton S100, is a'dded. 117 ^lllll 
is 10 ul of labeled cells mixed with 65 ul of lysis buffer. 
The excitation fluorescence is read at 485 nm, the emission 
fluorescence is read at 530 nm with a gain of 60 on the 
cyt ofluor. fl decrease in fluorescence indicates inhibition 
or adhesion of the c^l 1 c- -. 

S CellS to the monolayer. The results of 
this assay are shown in the Tables below. 

Example D 



24 Hour Acute Eosinophilia in Guinea Pigs 

Eosinophil accumulation into bronchoalveolar lavage 
30 fluid (BALF) was studi ed using ovalbumin actively-sensitized 
guinea-pigs. Male Hartley guinea-pigs (Japan SLC, Shizuoka 
^!. n !__ Were ,.. Sensitized _ with 0.5 ml of 5% ovalbumin 

intraperitoneally; booster 



subcutaneously and 0.5 ml 
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injections were performed 7 days apart. Eight or 9 days 
after the final injection, the animals were placed in a 
clear chamber (41 x 41x 50 cm) which was connected to the 
output of a supersonic wave nebulizer (NE-U11B, OMRON) . All 
5 animals inhaled 10 mcg/ml salbutamol, a P-adrenoceptor 
agonist, for 5 min. before antigen exposure. The duration 
of the antigen (ovalbumin: 10 mg/ml) exposure was 6 min. 
Then, the guinea pigs were anesthetized with pentobarbital 
(30 mg/kg, ip) 24 hours after antigen challenge. The 
10 trachea was cannulated by a disposable intravenous catheter, 
3 Fr. Size (ATOM Co., Tokyo, Japan), and the airway lumen 
was washed three times with equal portions of 0.9% saline 
(10 ml/kg). The BALF from each animal was centrifuged (150 
x g for 10 min. at 4°C) , the cell pellet was resuspended in 
15 4 ml. HBSS (Hank's balanced salt solution) and a total cell 
count was performed using a standard hemocytometer . 
Differential cell counts were done on smears stained with 
Diff-Quik. The portion of each cell population was 

expressed as a percentage of total cells, and this ratio, 
20 together with the total cell count, was used to calculate 
the total number of each cell type. The inhibitory percent 
of the test compounds was calculated as follows: percent 
inhibition^ l-(C-A) / (B-A)]xl00, where A is that mean value 
of cell count from BALF from guinea pigs which inhaled 
25 saline, B is the mean value of cell count from BALF from 
guinea pigs 24 hrs after antigen challenge, and C is the 
cell count from BALF from guinea pigs pretreated with a test 
compound 24 hrs. after antigen challenge. The results of 
this test are shown in the Tables below. 
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Based on the above results ,> • 
compounds of the invention ' 13 apparent that the 

pre feiab i y dlssa r : :i: e use£ui ^ <*••..... 

such as Mult Hespiratory „ ^7 s^""^ 

Peripheral vascular disease J n ° keS ' ""enteric and 
circulatory shoe, ,in thil ca'se o tr «W".tion. and 

da m a g ed following restoration f k " ° r93nS might be 

^ acting as M a g £1 °"> • ^ionally, 

t n w-, , . y sc -i-igand molecules i w • u 

10 blocking agents that bind t biochemical 

circulating leukocytes k- H SeleCtlns prevent 

seiectin-^ediated conditions. These co„ d t ' " tre " in9 
cancer, and particularly metastlt" C ° ndltl ° nS ^""e 
15 arthritis, asthma inf,, "° etaStatic "ncers, rheumatoid 
r aaciima, inflammatory bowel 
inflammation, lung vasculitis , • QlSease ' Pulmonary 

as diabetes, and iss^^o c »"tio„s such 

as obesity, cardiac injury ^ ^^ns such 

-mjury, and thrombosis. 
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Claims 

1. A compound comprising a core structure selected 

from the following group: 



Rl R 2 r1 R i 





N-W-G 



R 4 R 5 R ~ 



, R 7 R 6 

X,. N-W-G 
R 9 R 9 



R 2R2 * 1 Ri 



R4 i^R 5 M 



M0 2 C-(CH2) n -NH-C(=0)-Y-G 



wherein : 



10 



15 



20 



CH-S-sialic acid, CH- 



W is a covalent bond, -C(-O)-, -C(-0)-CH 2 -, -C(=0)-CH 2 - 
CH 2 -, -C(=0)-CH=CH-, -C(=0)-CH(-NHAC,-CH 2 -, -C (=0) -CH 2 -CHOH-, 
-C (=0) -CH (-NH-C (=0) -O-t-Bu) -CH 2 -, - C (= S ) -, _ c (= S) - S 

-C(-S)-S-CH 2 -, -C(-S)-CH 2 -CH 2 -, -C(=S)-NH-, -CH 2 -CH 2 -0-, or 
-CH 2 -CH(CH 3 )-CH 2 -, -CH 2 -CH(CH 2 OH)- CH 2 - or CH 2 -C (=CH 2 ) -CH 2 -; 

x is -ch 3 2 -, -nr 3 -, -cr 8 2 -, -nr 8 -, 

O-sialic acid, -O- or -S-; 

Y is a covalent bond, -(CH 2 ) n - C H 2 -NH -C (=0) - or 

-NH- C(=0) -; 

R 1 , R 2 , R 3 , R\ R 5 , R«, r', R e and r9 are independently 
selected from the group consisting of -H, -OH, alkyl (C1-C8 
branched or unbranched) , -C0 2 M, -CH 2 -C0 2 M, -C0 2 Me, -CH 2 
-CC 2 Me, -C0 2 Et, -CH 2 C0 2 Et, -CH 2 -CH=CH-C0 2 M, -CH 2 -CH=CH 
-C0 2 Me, -CH 2 -CH=CH-C0 2 Et, -OS0 3 M, - C H 2 -0S0 3 M, -CH 2 -CH 2 -S0 3 M 
-OP0 3 M 2 , -CH 2 -OP0 3 M 2 , - C r"r»-C0 2 M, -CR 10 R»-c O2 Me -CR 10 R^1 
C0 2 Et, CR^R-0S0 3 M, - C R"R»-S03M and-CR-R--OP0 3 M, ' with the 
proviso that at least one of R 1 , R 2 , R 3, R « f R s, R e f R ^ R e and 
25 is not -H or -OH; 
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R 10 and R 11 



are independently selected from the aro.m 
consisting of — H ~ru ru » cne group 

and R 11 Jy be take tg^ej ^T^' « »" 

<he y are covaiently bound to ™\ tV^ l3t "~ " 

~n 9 raay be substituted „ ith Qne or ^ r1 «d the 

wherein R and R 2 or R 2 D 3 3 . uuencs ' 

™ »< - d R7 or R 7 and R= or ^ andV IT "1 " 

taken together with t h» ! independently may be 

!0 ^ent/y^r^re^rU 0 ^ ~ 

— - -i- -r,:u i i a me t :;:ed r ; n :; e ;;: n h : h h : 

rang may be saturated or unsaturated and the 

further substituted „ith one or more R > .l^,:,"' ^ 

n is 1, 2 or 3; 
15 G is Z 1 or Z 2 ; 



2 1 has the formula: 




R is -H, -CH 3/ -(CH 2 ) n - C H 3 , protecting qrour, so m 
or O-carbohydrate (linear or branched); ? P ' ^ 

20 s is 1, 2, or 3; 

tBDMSr 0 '"" 1119 " methy1 "' ben2y1 -' M ° M ' MEM ' MPM, or 

U is H, CH 3 , OH, CH 2 OR 12 , CH 2 0-protectino ^ 
CH 2 OS0 3 M, CH 2 S0 3 M, CH 2 OR 12 , or COD; " 9 gr ° UP ' 

25 A is 0, S, NR 12 2 CR 12 2 , CH 2 or NR 12 ; 

D is OR 12 , N Ri 2 2/ 0 - M; hal± 

functionality; acylatmg 

wherein the ring structure of Z> is either saturated or 
unsaturated; and rated or 
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R 13 R 14 



■R' 

R 17 - 16 



where.n R» R u R « r16 and r17 ^ ±ndepend 
selected from the group consisting of H, -OM, - (C H 2 ) m -co 2 M, 
Oac and F, with the proviso that at least two of r» r i« 
5 R / R 16 and R 17 are not H . ' ' 

2. A compound as in Claim 1 wherein X is -CR 3 2 - w is 
-(CH 2 ) B -C(=CH 2 ) -CH 2 - and G is Z 1 . 

3. A compound as in Claim 2 wherein at least one R 3 is 
-(CH 2 ) m C0 2 M. 13 

10 A compound as in Claim 2 wherein at least one R 3 is 

selected from the group consisting of -(CH 2 ) m - C R l0 R"cO 2 M, 
-(CH 2 ) m -CR 0 R n -SO3M and - (CHaJ.-CR^R^-OPOaM. 

5. .A compound as in Claim 2 wherein at least one R 3 is 
-CQ 2 M and at least one of R 1 , R 2 , r\ and R 5 ± s -OH. 



15 6. A compound as in Claim 2 wherein at least one R 2 is 

~ (CH 2 ) m -CQ 2 M. 



7. A compound as in Claim 2 wherein at least one R 1 ±. 
~ (CH 2 ) a -C0 2 M. 



8- A compound as in claim 2 wherein at least one R 3 is 
20 -<CH 2 ) B -OS0 3 M. 

9- A compound as in Claim 1 wherein X is - C R 3 2 - or 
-NR 3 -, at least one R 1 is -(CH 2 ) m - C o 2 M, R 3 and R 4 taken 
together with the carbon atoms to which they are convalently 
bound form a five or six member unsaturated ring and G is Z 1 
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10. A compound as in Claim o 

"(CH 2)n -C(=0)-. 9 WhSrein W 13 - C( =°>- or 

11. A compound as in Claim 1 wherein X is S at J 

one R is -(CH 2)in -C0 2 M. and G is 2 \ St 

12. A compound as in CI ^ i ™ i i , ^ 

-(CH 2)n -C(=0)-. 11 WhSrein W ±S " C ^°) or 

13. A compound as in Claim 1 wherein X is - CR 3 . 
least one R is -(CH 2 ) m - C o 2 M and G is Z \ * 



14- A compound as in Claim n 

„ Liaim 13 wherein W 

15. A compound as in Claim i -? ,,k 
-r,-ni /^o , lm 13 where m W is -C(=0) - 



10 -C(=S,-S-(CH 2)ra - / -C(= S) - or -C(=S)-NH- " """"" " " 



-C(=0)-(CH 2 ) n - 



) - or 



16. A compound as in Claim 1 wherein X is - C rV at 
least one R is -(CH 2 ) m -co 2 M and G is z 2 . 

15 17. A compound as in Claim 16 wherein w is -C(=0)-. 

18. A compound as in claim 17 wherein r» and R » ^ 
independently -OH or -OMe. 



19 . A 

—OMe . " " "' " "° K "" R " is "OH or 



compound as in Claim 18 wherein R" 1: 



20 G i. I*'. A C ° mPOUnd " ±n 1 " helei " » -<CH„. - and 

»» R"and R T P ° Und " " Claim 20 ' "»«-in at least two of 
« / R and R are -OH or -OMe . 
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22. A compound as in Claim 1 wherein Y is -CH 2 -NH- 
C(=0)- and G is Z 2 . 

23. A compound as in Claim 22 wherein at least two of 
R , R and R 16 are -OH or -OMe . 

24. A compound as in Claim 1 wherein X is CH-S-sialic 
acid or CH 2 -C— sialic acid. 

25. A method of treating a selectin-mediated disorder 
comprising the step of administering a compound of claim 1 
to patient in need thereof. 
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